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OF THE FIXED STAKS. 


TUTOR — CHAIIT US — 

f 

>* 

CIIA R LES^ The delay occcT5iouecl 
l)y our lorn; ^^alk, has affoided tis 
one of the hnlliaiit \ic\vs of the 

lieavens that I CnCi* '=;ci\v. 

James It is uncommonly clcai ; 
and the longer I Ivceji my eyes fi\cd 
tjpn'ards, the more sinr& seem to ap- 
peal : how is ir possible to number 
tliesc stars'^ and 30! I have hcaid 
that tiic)' are numheicd, and even 
aiinnged m catalogues accoichng to 
their appav'^nt magnitude Pi ay, su, 

tOT.. il. 31 
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ejcplain to us how tliis business was 
performed. ^ 

Tutor '. " ii'his I will do, with great 
pleasure, ^some time hence; but at 
present, I must tell you, that, in view- 
ing the heavens wnth the naked eye, 
we are very much ' deceived as to the 
supposed number of stars that are at 
any time visible It is generally ad- 
mitted, and on good authority too, 
that theie are never more than one 
thousand i stai s Visible to the sight, 
unassisted by glasses, at any one time, 
and in one place. 

James. What • can I see no mote 
than a thousand stais if I look 'all 
around the heavens ? I should suppose 
there were millions. > , ' 

Tutoi This number is ceitainly 
the limit of wliat you can at present 
. behold ; and that which leads ' you, 
I d peisons in general, to conjecture 
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tlmfc the number is so much larger is 
owing to an optical deception. 

James. Are 'we frequently liable 
to be deceived by our senses ? 

, Tutor. We are, if *A*e depend on 
tliem sing ly ; but where we have an 
opportunity of calling in the experi- 
ence of one sense to the aid of another, 
i^e aie seldom subject to this incon- 
enience. ^ 

, Cliafles. Do you not know, that 
if you place a sniall marble in the 
palm of the left hand, and tiien cross 
the second finger of the right hand 
over the first, and in that position, 
with your eyes shut, move the marble 
with those parts of the two fingci’s 
at once, which arc mot accustomed to 
come into contact wdth any object at 
the same lime, that tlie one marble 
will appear to the touch as t\\ o ^ In 
this instance, ivithout the assistance 
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of our eye^j we should be deceived by 
the sense of feeling , ^ ^ 

Tutor. This is., to the point,, and 
shows that the judgment formed by 
means of a single sense as not alymys 
to be depended upon. / “ . 

James. I.iecoIIect the experiment 
very well, we had it from papa,^ a 
great while ago. But thatjhas nothing 
to do with, the false judgment which 
we aie said to foim about the number 
of stais. ' , ' , 

' Tutor. You ale light • it does not 
immediately concern the subject before ^ 
us, but it may. be useful as aifording 
a lesson of modesty, by instiucting 
us that we ought not ,tp , close! our 
minds against new evidence that may^ 
be offered upon any topic, notwith-" 
standing the opinions we ; may. have 
alieady foiraed. You, say, you,' see. 
millions of stars, whereas the ablest' 
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^troti6mer§'ass#'t; that witK the naked 
eye you cannot at''bne time see so 
many a* thousand.' ‘ , 

I 'sh6uld '- indeed have 
thought with my btother, had you 
not asserted the contrary ; and I am 
a^fixidils to'know hdw the deception 
happens, for I am sure there must be 
a ^e^f-dediiptibn' somewhere, if I db 
nof^^at Hliis time behold very many 
thousahdVf stars in the heavens. ^ 

' Tutor. " You know that we see 
oBjlcBs'' only hy' mekhs of the rays of 
light "whiclr'^pi'beeed- from them in 
every direction'. ' And you' must, for 
the 'present, give 'me' credit when I 
tell ^6u','‘'that 'the 'distance of the fixed 
sthr^^rbm' iisf'iS immensely great, con- 
seq^htly the rays of light have to 
traVbl this^'dikance, 'in the course of 
wliiclif/ especially in 'their passage 
tlirdugh atmosphere; they' are 
E 3 
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and 

refractionsi By means of these, 
rays of light come to the e}c, evety 
one of which, peihaps, impresses upon 
the mind the idea of so manj-'sepniate 
stals. Hence arises tliat optical fal- 
lacy by ivliich we arc led to believe 
that the stais which we behold arc 
innumerable. 

James I should like to see an ex- 
periment to confirm this 

Tutou' I ha\e no objection* in 
eveiy ease you ought to lequiie the 
best evidence that the subject will 
admit of* — 

To ask or search I blame thee not, for heaven 
Is ab the book of God before thee set, 
Wherein to read hiS wondrous works, and learn 
IIis seasons, hours, or days, or months, or years 

MitTON. 

I Will show you two expciiments 
which will go a good way to' lemove 


subject to nil mhei less rejlccftons 
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t!ie tlifficnlty. But,' foi this purpose, 
v,c nnist '^lep into the house. 

^ Here aio iv.o common lookiug- 
glasscs, ' 5 \lncli, philosoplncally spenk- 
jn^, me plmic 7iurron. I place them 
in such n manner on the table that 
they supj)ort one aiiothci fiom falling 
by meeting at the tops I now 
])lace this half-ciown hetnecn them, 
on a book, to raise it a little above 
the table. TcU me how many pieces 
of money you would suppose theic 
^cre, if you did not know that I had 
used hut one. ' 

James. There arc scvcial in the 
glasses. 

Tutor I will alter the position of 
the glasses a little, by making them 
jd'most parallel to one another; now 
Ido!: into them, and say what 3 on see 

James. Thcie arc more half-ciowns 
now than thcic were befoic. 
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Tutor. It‘ is evident, then, that 
by refiociion only, a single object, for 

I have made use of but one half- 

/ 

Clown, will give you the idea 'of a 
vast number 

Charles If a little conti ivance had 
been used to conceal the method of 
maldng the experiment, I should not 
have believed but that theie had been 
seveial half-crowns instead of one 

Tutor Bung me your multiplying 
glass , look throu^ii it at the candle • 
how many do you see"? oi lathei, 
how many candles should you suppose 
there were, did 30U not know that 
theic was but one on the table - 

James ' A great many, and a pietty 
sight It is. 

' Charles Let me see , yes, thei e 
aie but I can easily count them', 
theie aie sixteen 

Tuto) Thei e will be just as 4 nany 
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imaged of the candlej or nny othei 
object at whicli )oU looks iJs there arc 
clilFerent surfaces on your glass. For, 
by the principle of refraction, the 
image of the candle is seen in as 
many dificrent places as the glass lias 
sin faces; consequently, if instead of 
1(5 theic had been 60, or, if tlicy could 
have been cut and polished so smaik 
600, then the single candle Mould 
have given you the idea of 60, or 600. 
What think you now vhont the stais ^ 
James, Since I have seen that 
reflection and refraction will each, 
singly, atfoid sucli optical deceptions, 
I can no longev doubt, but that, if 
both these causes aie combined, as 
you sii} they aie nuth lespcct to the 
lays of light coming from the fixed 
stars, a thousand real luminaries may 
liave the power of exciting in my 
mind the idea of millions. 
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Tutor. I will mention another ex- 
periment, for which you may he pre- 
paied against the next clear stai -light 
night Get a long nan ow tube, the 
longer and narrower the better, pio- 
vidcd its weight does not render it 
unmanageable . examine thiough it 
any one of the largest fixed stais; 
which aie called stars ofthe J^7'5^ 
magnitude, and you will find, that 
though the tube takes in as much sky 
as would contain’^many such stars, yet 
that the single one at which )ou aie 
looking, IS scaicely visible, by the few 
rays whicli come directly fioni it: 
this is another pi oof that the biil- 
liancy of the heavens is much moie 
owing to rcjiccttd and rtfi acted hght,^ 
than' to the diiect lays flowing fiom 
the stais 
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COXVEIISATION H. 


Of ihc Tacil Stars. 

CJlABLES. Aiiotlior benuliAil 
c\Gn!ng' picscnls \\c lake 

the nd\aiila[^e wliich it oHcis of going; 
on with onr astiononncal Icctuie'?? 

Tutor. I I)n\ c no objection* foi we 
do not alwo} s enjo}' such ojipoi I unities' 
ris the biightness of the present c\ cu- 
ing affoi ds 

Jtimci I >\ish vci) iTiucli to know 
hou to dislinguish the stars and to 
be able to call them by their piojwr 
names.' 

Tutor, 'j'ljis you may ^cry soon 
leain; a few e^eningc. ^\ell improved, 
will enable ) ou to distinguish all the 
stars of the fust magnitude wlncii aic 
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Visible, and all the relative positions 
of the dilTeicnt constellations 

Jama What aic constellations, 
sir ^ 

Tutor, Tlie ancients, that they 
might the better distinguish and de- 
scribe the stars, with icgaid to Iheir 
situation in tlic lieavcns, divided them 
into constellations, that is. s} steins of 
stais, each s}stem consisting ol sucli- 
stais Oj' wcic neai to each othci, 
giving them the iiiUncs of such men 
or things, as they fancied the ' space 
winch they occupied in the heavens 
lepiesented 

Charles, Is it then peifcctly oi'hi- 
tiaiy, that one collection is called the 
gieat bear, anothci the dragon; a 
thud II c} cities, and so on'^ 

TiUoi It is; and though, theic 
liave been additions to the number 
of stais in each constellation, and 
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vmiou*; lunv comidlation'? 'invented 
bv modern ii^-iionomers. vet tlic ori- 

tr- y 

ginnl (Hn''n>n of the into thc'-o 
coJIcdioiis' v.a=: one of tho'^c fev; nrlji- 
(rniT inventions v/hich has desecndcd 
Mjthov?t alteration, ntlievwise than 
h\ addition, from the da}*v of Pto- 
lemy doun to the present lime. — 

Do vou know how In find the four 

* 

cardinal points, as tlicy me nsnnil) 
called, the Nos tii. South, West, and 
Past ^ 

Jmnes, O }cs 1 Know that if I 
look nl the sun at twelve o’clock at 
noon, I am rdso looKin;; to the south, 
where he th^si is , my backi'> towards 
t’ae north; the wed js on my right 
hand, and the ea^-t on in} left. 

Tutor, Put } ba must learn to find 
these points without llse as':jstantc of 
the sun, if jou'nish to he a }oung 
astronomer, ' 

' VOL. II. 


c 
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Charles. I Iiave often heaicl of 
the north pole star ; that will perliaps 
answer the purpose of the sun wlien 
lie has left us. 

Tutor You are right, do you 
see those seven stms wdnch are in 
the constellation of the G; cat Bear ^ 
— some people have supposed their po- 
sition will aptly lepiesent a plough ; 
otheis say, that they are moie like a 
xvaggon and horses , — the four stars 
lepresenting the body of the wag- 
gon, and the other thiee the hoises, 
and hence they are called by some 
the plough, and by others they arc 
called Charles’s wain _ or ivaggon 
Here is a di awing of it (Plate 1, 
Fig 1) , a b d g lepresent the four 
stais and b n the other tin ee 
Charles What is the stai p 
Tutor., That lepiesents the polar 
stai to ivhich you just ,now alluded , 
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khd )^oVolisisrve,Hliat if a linfi were 
drawn 4fi'foli|;K the stars 5land and 
preduefed fur^cnoug^Jij it- wotdd nearly 
touch it. 

files, Lot me look in the hea- 
vens for it by this guide. * There it H 
!r supiktse ; it §hines <with a - steady 
and tftllieV 'dead kind ’oMight, and it 
appeal's ' to that it would be /a 
KUle to- the rigJit of the 'line passing 
through the stars b and a* 

'T^itor, It Would, and these .stars 
dfe’gencrally known by the name of 
ihe^^oiiifers, Ijccaiise they point to 
/jHhc, north polo,' ^}!^!! is sitnated'a 
little more than two degrees from the 
starlC"^'^ ^ . . . * ’ 

ChitrMh ^ IS'thatstar always in the 
sadie pai*t'of the^Iieavens ? 

T?i/d7<^"Tt‘may he 'considered as 
tinifordiiy^ maintaining' its position, 
while thd oihei* ‘Stars seem to move 
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round it ds a centre. ^We slialMmvc 
occasion to refer to this star again ^ 
at present I have diicctcd your at- 
tention to it, as a piopci method of 
finding the caidinal points hy star- 
light 

James Yes, I undei stand now 
that if I look to tho noith, by stand- 
ing with my face to that stai, the 
south IS at my liack, on my nght 
hand is the east, and the west on iny 
left. 

Tutor Tins is one important step 
in our astronomical studies , and we 
can maUc use of these stais as a kind 
of standaid, in oidei to discover the 
names and positions of others in the 
heavens 

Charles. In what way must we 
pioceed in this business’ 

Tutor I will' give you an e\am- 
ile 01 two. conceive a line drawn 



OF TUli FIXED SIARS. 


from the star leaving n a little t o 
the left, and it will pass through llmt 
vny hriilifint star A near the horiron 
ton ards the n est 

James I sec the star, hut how am 
I to know its name ? 

Tutor. Look on the celestial 
globe for the star c, and suppose the 
line drawn on the globe, ns n c ron- 
ceived it done in the heavens, and 
von will find the star, and its name. 

Chai Ics Here it is , — its name is 
Aicturus. 

Tuto} Take the figmc (Fig. J), 
and place Aiclurus at a, winch is its 
relative position, in respect to the 
constellation of the Gieai Bear. 
Now if you conceive a line driiw'ii 
through the stars g and b, and o\- 
icnded a good w'ay to the right, it 
will pass jUot nho\e anothei ^ely 
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brilliant star Examine the globe as 
befoie and find its name. - 

Charles, It is Capella the goat 

Tutor. Now, whenever you see 
any of these stais, you will know 
where to look for the others without 
liesitatiou. 

James. But do they never move 
from their places 

Tutor. With respect to us, they 
' seem to move together with the whole 
heavens. But they always lemam 
in the same lelative position,' with 
respect to each othei Hence they 
are called fixed stars, in opposition to 
the planets, which, like our earth, 
are continually changing their places, 
both with legard to the fixed stars 
and to themselves also. 

Charles I now understand pretty 
well the method of acquiring a know- 



o\ace^ 
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CONVERSATION IIL 


Of the Fixed Stars^ and Ecliptic 

TUTOR I dai’e say that you 
will have no difficulty in finding the 
north polar star> as soon as ne go 
into the open an 

James I shall at once know 
where to look foi that and the other 
stars, which jou pointed out last 
night, if they have not changed then 
places , 

Tutor They always keep the 
same position with lespect to each 
olhei, though their situation, with 
legard to the heavens, will be dii- 
'- feient at diffeicnt seasons of the yeai. 
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and 'in ^ different hotirs of the night. 
Let us. go into tlie garden. 

Charles. The stars arc all in the 
same place as > rve left them last 
evening. Now, sir, if we concede 
a straight hnc diawn through the tv,o 
stars in tlie plough, which, m your 
figure (Fig, 1), are marked d and g, 
and to extend a good way down, it 
will pass or neaily pass through a 
very bright stai, though not so bright 
as Arcturiis or Capella, uhat is that 
called^ 

, Tutor It is a star of the second 
magnitude, and if you refer to the 
celestial globe, in 'the same way as 
you were insti acted last night, you 
will find it 'is called Regulus or Cor 
LeoniSi the Lion's heart By this 
method you may quickly discover the 
names of all the principal stars, and 
afterwaids, with a little patience, 
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you will easily 'distinguish the others, 
which are less conspicuous. 

Charles^ But they have not all 
names , how are they specified ? 

Tutor. If you look on the globe, 
you will observe that they are dis- 
tinguished by the different letters' of 
the Greek alphabet; and in those 
constellations, m which there 'aie' 
stais of. different apparent magni- 
tudes, the largest is a alpha, the next 
in size beta, the thud y gamma, the 
fouith $ delta, and so on. 

James. Is theie any particular 
leason for this ^ 

T utoi . The adoption of the cha- 
lacters of the Gieek alphabet, rathei 
than any other, was perfectly aihi-’ 
tiary, it is, however, of gieat im- 
portance, that the same chaiacteis 
should be used in general by astiono- 
niers of all countries, for 'by this 
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inciB*; lljf' <;dfno^ Kin f»r 

n epri cf iini^er-nl lanprairt*. 

Chrk'^, ViU you Ijow 

I'ulvr* nm n^trotinrun 

jrt Xorth AnuTiW, A«ln, i/r nny 
o?)3f{" pnrl f»f the earl!?, fth^errr n 
('•Ami ht Ue'‘t part f»r Uie hmeip; 
‘.^hesf tlic < -r?n<t< hnii'^n <4' tlio pktifh 
js fjluatri), at)vi he vihhj.'s" to cJr^nJb* 
it to h’-i fnrs’tl in (ireat ItrUjiio, Ui 
enkr tint ho nifty koou, v. luthtr it 
v.n*? «rcn by the lOhfst'itanJt of' ihi'' 
i‘^lanf3- Tor Ihit |ji3rpa«'» he ?. 
onU to TimiUoo the time vdit^n hr 
diccovfmJ 5it i!' |n"i{iotn feneaust 
to ^arsie nne«r the {-‘nrs it 

}jy thf. Grab letter by nhirh it iv 
dedertfttefl , and ilit eour'e v-ltidt 
It todv fraiu < no ^-tor townrtk an* 
other, 'rhtjv Jj« ntigh) ’^ly, tlsalnti 
Midi a time he raw a oatnd neat e in 
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the Great Bear, and that Jts course 
was directed from J to (3, or ony 
other, as it happens. 

Charles. Then if his fuend here 
had seen a comet at the same time, 
he would, by this means, know whe- 
ther it was the same or a different 
comet 

Tutor. Certainly, and hence you 
peiceive of what importance it is, 
that astronomezs in different ' coun- 
tiies should agree to maik the same 
stats and systems of stars by the 
same characters But to leturn to 
that star, to wdiich you just called 
my attention, the Cor Zeo?us., it is 
not only a leraarkable stai, but its 
position i'’ also lemaifcablCj^ it is situ- 
ated in the ecliptic 
- James, What is that, sir^ 

Tutoj Tiie ecliptic is an imagi- 
nary gieat circle in the heavens, 
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Avhicli tlie smi aJtpeh'R to describe in 
the com sc of a year. If yon look 
on the celestial glol)e, you will see it 
marked nith a red lincj peihaps an 
emhlem of the fierce heat comniii- 
liicatcd to us by that bod}'. . 

James. But the sun seems to have 
a circular motion in the heavens 
every day ? 

Tutor. It does ; and this is called 
its apparent dmrmL or daily motion, 
v/hicli is ver}' difierent from tiic jiath 
it appears to traverse in the course of 
a year. The foimcr is obsened hy 
tlie most inattenthe spectator, who 
cannot hut know, that the sun is 
seen excry moining m the cast, at 
boon in the south, and m the evening 
in the West , but the knowledge of the 
latter must he the result of patient 
obset V alien. 

VOL. 1 1- D 
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Cha 7 'les. And what is the g7''een 
line which crosses it ^ .m 

Tutor. It IS called the equator ; 
this IS an imaginary ciicle belonging 
to the «arth, which you must take 
for granted, a 'little, longer, is of a 
globular form If, you can conceive 
the plane of the teirestnal equator to 
be produced to the sphere of the fixed 
stars, it would mark out a circle in 
the heavens, called the celestial equa- 
toi or eqmnoctiaU which would cut 
the ecliptic in two paits , and one, of 
these would make an angle with tlie 
other of about 23^ degrees. 

James Can we tiace the cncle of 
the ecliptic in>the heavens ^ 

Tutor It may be done with to- 
lerable accuiacy, by two* methods 
first, by observing several remarkable 
fixed stais, to which the moon in its 
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course seems to approach. The se- 
cond method is by observing the 
places of the planets. 

_ Charles, Is the moon then always 
in the ecliptic ? 

Tutor. Not exactly so ; but it is 
always either in the ecliptic, oi with- 
in five degrees and a third of it on 
one side or the other. The pnncipal 
planets also, by which I mean, jMer- 
cury, Venus, IMars, Jupiter, Saturn, 
and the Herschel, are never more 
than eight degrees distant iiom the 
hue of the ecliptic. 

James. How can we trace this 
hne, by help of the fixed stars ^ 

Tutor, By comparing the stars in 
the heavens with their lepresenta- 
tives on the artificial globe, a prac- 
tice which may be easily acquired, 
as you have seen. I will mention to 
you the names of those stars, and 
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you may first find them on the glohe^ 
and then ,jefer-t6 as many of them 
as V are now visible in the heavens. 
The fiist IS in the Ram's horn, called 
a Ametis, about ten degiees to the 
noi th of the • ecliptic , the second is 
the star Aldebaran in the Bull's eycj 
six degrees south of-the ecliptic. 

Charles., Then if at any time I 
see these two stars, I know that the 

t i 

ecliptic urns between them, , and 
nearer to, Aldebaiaii, than to that m 
tlie Ram’s hoi n.; , ^ 

Tutor , Yes . now carry your -eye 
eastward to at distance somewhat 
greatei ,from Aldebaian, than that is 
east of a Arietis, and you will ^per- 
ceive two bnght stais at a small dis- 
tance fiom one another, called Castor 
and Pollux , the lower one, and that 
which IS .least bnlhant, is ^Pollux, 
seven -degrees on the noith ^ide ofjthe 
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ecliptic. Following the same track, 
you will come to Eegiilus, or the 
Cor Lconis^ which, I Iiare already ob- 
served, is exactly in the line of the 
ecliptic. Beyond this, and only two 
degiccs south of that line, you will 
find the beautiful star in the \ irgin^s 
hand, called Spica 7'lrgims. You 
then arrive at Aniarcs or the 6cor- 
pion^s heart, ti\ c degi ccs on the same 
side of the ecliptic. Afterwards you 
will find a Aquilcs. u Inch is situated 
nearly thirty degrees north of the 
cclintic . and faither on is the stai 

A 

Foiualhaul iii the fish‘s mouth, about 
as many degrees south of that line. 
The ninth and last of these stars is 
JPegasuf,, in the mng of the fljing- 
hoi'c, which is north of the ecliptic 
neatly twenty degrees 

James. Upon what account are 
these nine stais paiticulaily noticed r 
P 9 
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Tiitor. They are selected as the 
most conspicuous stars near the 
moon’s orbit, and are considered as 
jiioper stations, from which the 
moon’s distance is calculated for 
every three hours of time , and hence 
are constiucted those tables in the 
Nautical Almanac^ by> means of 
which navigators, in .their most dis- 
tant voyages, are enabled to estimate, 
on the trackless ocean, the particular 
part of the globe on which they are 

Chai les What do you mean by 

the Nautical Almanac ^ 

> 

Tuto? It is a kind of National 
Almanac, intended chiefly for the 
use of persons tiaversing the mighty 
ocean. It was begun m the year 
1767, by Di Maskelyne, the Astio- 
nomei Royal , and is published by 
anticipation for several years before- 
hand for the convenience of. ships 
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going out upon long voyages. Tins 
vork lias been found eminently im- 
portant in the course of the late ro}"- 
ages lound tlie u'orld for making dis- 
coreiies, and indeed^ it is so highly 
useful to all who are engaged in 
Navigation, that manner^ always 
regard it as an indispensable com- 
panion, except in mere coasting voy- 
ages. 
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COl^VERSATION IV. 


Of the Ephemerh. 

CHARLES. Your second me- 
thod of tiacing the ecliptic was bj 
means of the position of the planets . 
will you explain that now ^ 

Tutor I will , and, to rendei^ you 
perfectly qualified for observing the 
stars, I will devote the present 
Conversation to the puipose of ex- 
plaining the use of Wliite’s^ Ephe- 
mens, a little book which is pub- 
lished annually, and which is a ne- 
cessaiy companion to every young 
astronomer. 

James. Must we understand all 
this to stud^ the stars ? 
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Ttifor, You must , tjr some other 
book of the samd kind, if you m ould 
proceed on the best and most rational 
plan. Besides, when you know the 
use of this book, winch 3'ou will 
completely witli half an hour’s at- 
tention, you ha\c nothing moie to 
do in order to find the position of 
the planets at any day of the 3'ear, 
tlian to turn to that daj’ in the 
Ephenicris, and you will instantly 
be directed to those parts of the 
heavens in winch the difleicnt pla- 
nets arc situated. Turn to tlic second 
page. 

Chalks. Here the astronomical 
diaractcrs are explained. 

Tutor. Tlie fiist twelve aie the 
repicscntativGs ofthesi^s into uhich 
the circle of the ecliptic is divided, 
called also the ti\elve signs of the 
Zodiac> 
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T Aries. SI Leo.^ f Sagittal ms. 
0 Taurus Virgo. Vf Capricorn, 

n Gemini. kh Libra its Aquarius 

s Cancer. H), Scorpio. JK Pisces. 

f 4 

> * '■ 

In astronomical inqmnes every* cir- 
cle IS supposed to be divided into 
360 parts, called degrees, and 'since 
that of the ecliptic is also divided 
into ,12 signs, each sign must contain' 
30 degiees Astronomers ' subdivide 
each degiee into 60 parts called mi- 
nutes, and each minute into 60'Se- 
conds, thus, if I would express an 
angle of 25 degiees, 11 nnnutes, and 
4.5 seconds, I should write 25°.. 
11'. 45^' Or,' if I would express 
the situation of the sun for the fiist 
of Linuary, 1822,. I look into the 
Ephemeus and find it in Capiicoin, 
or Vy 10° 35' . 48^ _ t ' 

James What do you mean by 
the Zodiac? 
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- Tutor. It is an imaginaiy bvoad 
ciicl6 or belt surrounding the hea- 
vens, about sixteen degiees nide, 
along the middle of which runs the 
ecliptic. The term Zodiac is derived 
from a Greek word signifying an ani- 
mal, because each of the tn elve signs 
foimeily represented some animal; 
that wliicli we now call Libia being 
by the ancients reckoned a pail of 
Scorpio. 

Jams. Why are the signs of the 
Zodiac called' by the sevoial names 
of Aiies, Tauius, Leo, <S:c. I see 
no likeness in the heavens to Rams, 
or Bulls,, or Lions, which are llie 
English words for those Latin ones ^ 

TuIo7\ Nor do I; nevertheless, 
the ancients ‘saw, by the help of a 
strong imagination, a similaiity be- 
tween those animals and tlio places 
i\Inch certain systems of stars took 
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up in tli6 heavens, and gave them 
the names whieh have continued to 
this day. 

Charles Pei haps these were oii- 
ginall}’' invented in the same way as 
we sometimes figure to our imagina- 
tion the appearances of men, beasts, 
ships, tiees, ^c. in the flying clouds 
or m the fire. 

Tutoj They might possibly have 
no bettei authority for then oiigin. 
At any rate it will bO useful for you 
to have the names of the twelve 
signs in your memory, as well as the 
Older in whicli they stand I wiU 
theiefoie lepeat some lines wntten 
by Dr Watts, in which they aie 
expiessed in English, and ivill be 
easil^'^ lemembeied 

the Bull, the heavenly Txvin<;, , 
And next the Ciab the Lion shines, 

Tlic Virgin and the Scales , 
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The Scorpion, Aicltci, nml Scti-Goal, 
The Man that holds the naitiing^po^, 
^ And Fisft uith ghtteung tads. 


C/iai'lcs We come now to the cha- 
racters placed before the planets. , 
Tutor. These, like the formei, are 
but a kind of short-hand chaiacteiSj 
'ithicli it IS esteemed easier to wn{e 
than the names of the planets at 
length They aie as follow. 


fn Hcrhchcl, 
i “ t or Uramis 
Ij S.''t\irn 
1/ JiipiJcr 
Mari 

e ’the i:auh 
O 3 ho Sun. 


$ Venn 5 
V Merenrv. 

I) The Moon 
^ Cercb ncv.' 

^ Pallas planets 

.luuo / ( ^or 
□ Vcsffi - ailoroub 


With the otiicr characters TOldiaM* 
no need to trouble %oinsehes, till tou 
come to calculate eclipses, and con- 
stuict astronomical tables a laboin 
which may be deferred for some ) cai s 
voi,, II r; 
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to come. Turn to the eighth page of 
the Ephemeils. 

James Have we no concern with 


the intei mediate pages between the 
second and eighth ? 

Tutor They do not contain^ any 
thing that requiies paiticulav expla- 
nation In the eighth page, after 
the common almanac foi January, the 
■first columns point out the exact 
time of the sun’s using and setting 
at London thus on the lOlh day of 
January he rises at 58 minutes aftei 
J in the moining, and sets’at ^ minutes 
past ^in the afternoon The third 
column giv»es the' {}ecIt?7atio?i of the 
sun rs 

j '>/' 

Jdjnes, J^^iat 13 that, sir"^- 

Taior^—The dechnntioji of the 


sun, 01 of any heavenly body, is its 
distance from the imaginaiy circle in 
- heavens, called the egimwciiai 
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Thus you obsene that the sun’s de- 
clination on the 1st of January is 
23° 3' south ; oi , it is so many de- 
grees south of the imaginary equator. 
Tuin to Pilarch 1822, and }0u ivill 
sec that hetr. een the 20th and 21st 
dd}s it is in the equaloi. for at 12 
o'clock at noon on the 20th it is only 
16' south, and at tlie same houi on 
the 2 1st it is S' north of tliat line: 
and when it is in the equator, then 
It has no declination. 

Charles. Do astronomeis always 
leckon from 12 o’clock at noon ? 

Tutor. They do. and hence the 
astronomical day begins 12 hours later 
than the day according to common 
icckonlng; and therefore the decli- 
nation, longitude, latitude, ho , of the 
sun, moon, and planets, are always 
put doMm for 12 o’clock at noon of 
the day to which they arc opposite. 
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Thus the sun’s declination for the 
i7th of January at 12 o’clock is 20'’ 
- 48' south. 

Chai les Is that because it is the 
commencement of the astronomical 
day, though in common hfe it be 
called 12 o’clock ^ 

Tutor. It is The thiee next 
columns contain the moon’s declina- 
tion, the time of her rising and set- 
ting, and the time of hei southing. 
or vhen she comes to the meridian 
or south part of the heavens. 

Chai les Does she not come to the 
south at noon as ivell aslhe sun ^ 
Tutor No ; the moon never comes 
to the mendian at the same time as 
the sun, but at the time of new 
moon. And this circumstance takes 
place, neailj, at neu' mooHj 

as }ou may see hy casting your 
eye dotvn the several columns in the 
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}, 

Ephemeris wWch,idatc to the moon’s 
smithing, ' 

The glory, the changes, and the 
motion, the moon, arc hcnntifully 
d^ciiijcd in the following lines; — 

.V ' “C 1 

By thy conimind the Moon, ns day ‘light fades, 
Lifts her broad circle in the deep'ning shades; 
Array'd in glory, and cntfiron'd in llglit, 

She hreats the solemn terrore of the night ; 
Sncctly inconstant in her varying flamej 
She, changes stdl, another, yet ilio fame! 

N»w in decrease, by slow degrees she shronds 
Her "fading lttnr4 in a veil of rlduds * 

Kew of increase her gatVring beams display 
A blare .of light, and give a, paler day; 

Ten thonsand star^ ndom her ghu’ring tram. 
Fall when she fhlls^ nnd rise with licr ognin; 
And 6'cr (lie deserts of (he sty unfold 
Their burning ^spangles of sidereal gold : 
Tltrough the wide hcAt’ns she moves serenely 
bright, . ^ 

Queen'Of thegay attendants of the night; 

Orb hbevc oVb in sweet confusion lies, 
AfidVith a bright‘'dKordcr painfs the skies. 

BnooMP/ 
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James. - What do you say of that 
column which is marked sometimes 
clock before sun, at others, 'clock 
after sun ^ 

Tutor. A full explanation of that 
must he deferred, till we come to 
speak of the equation of time, at 
present it will be sufficient for you 
to know, that if you are in posses- 
sion of a very accuiate and well le- 
gulatcd clock, and also of an excel- 
lent sun-dial, they will be together 
only foul days in a year, now this 
column in the Ephemens -points out 
how much the clock is before' the sun, 
01 the bun before the clock, for every 
day in the year. On Twelfth-day, 
1S22, for instance; the clock is faster 
than the sun by 6 minutes and 7 
seconds but if you turn to May-day, 
you will find that the clock is 3'. 
slower than the sun 
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James* Whnl arc the four daj s in 
tlic yenr when the clock and dial aic 
together^ 

7'atoi\ Ahaiit the loth of April, 
the 15th of .Time, the of Sop- 
tcmhei'j and Christinas-dn} 

Chai Ics* Bv tins table then w c may 
icgulatc our clocks and watches 
Ja»m In wh.at maimer'^ 

Chalks Examine on any paAi- 
ciilai day the clock or w atch, and the 
indication of time on a good dial at 
tlic same time, say 1£ o’clock, and 
ohscvNC whether the dificrcnce he- 
ween them answer to tlio dificrcnce 
':ct down in the table, opposite to the 
daj' of ohEorvation. Thus on the 12th 
of iSInicb, 1822, the clock will not 
show' true tune unlcsb it he 10'. 3^ 
h«foie the dial, oi wdicn the dial is 
12 o'clock it mu*^l lie 10' 3“ past 12 
b} the clock or watch. 
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Tutor, Well, let us pioceed to 
the next page. The first thiee short 
columns, i elating only to the dura- 
tion of daylight and twilight, require 
no explanation the fourth n'e shall 
pass over for the, piesent; and the 
lemaining five give the latitude of the 
planets. 

James. AVhat do you mean by the 
latitude, sn ? 

Tutor The latitude of any hea- 
venly body IS Its distance from the 
ecliptic north or south Thus the 
latitude of Venus, on new-year’s da} , 
1823, IS r. r south., 

dial les Then the latitude of hea- ^ 
venly bodies, lias the same leference 
to the ecliptic, declination has 
to the equator? 

Tutor Jt has. 

James But I do not see any table 
if the sun’s latitude, . 
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Tutor. I dale say “your bi other 
can give you a reason for this. 

Charles. Since the latitude of a 
heavenly body is its distance from 
the 'ecliptic, and since the sun is 
alvajs in the ecliptic, therefore he 
can have no latitude 

Tutor. The longitude of the sun 
and planets is the only thing in this 
page that need now be explained. 
The longitude of a heavenly body is 
its distance from the first point of 
the sign Aries, and it is measured on 
the ecliptic It is usual, liowever, as 
you observe in the Ephemeiis, to ex- 
press the longitude of a heavenly body 
b}' the degiee of the sign in which it 
is. In this nay the sun’s longitude 
on the first of .January, 1822, is m 
Capiicoin 10° 35'. 48'', that of the 
moon in Aries 17° . 44'. 

Charles^ There are some short 



46 


ASTRONOMY. 


columns upon the former page which 
you have omitted 

Tutor The use of these as w6ll as 
of the new column of moon’s parallaXj 
,will be better understood when we 
come to converse lespecting- the moon 
and planets * < - 

^ For the explanation of Rehocentric Lon- 
gitude, .1c. see Conversation XX. 
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CONVERSATION V. 


Of the Solar System. 

TUTOR. We uiil now pioceed 
to the description of the Solar 
System. 

James Of what does that donsist, 

sir 7 

Tutor. It consists of the sun, and 
planets, with theii satellites, or moons 
It IS called the Solar System, from 
Sol, the sun, because the sun is sup- 
posed to be fixed in the centre, while 
the planets, and oui eaith among 
them, 1 evolve round him atdiffeient 
distances 

Ghatles. But aie theie not some 
people who believe that the sun goe^ 
round the earth 7 



48 


AsraoNOJiY. 


Ttitor Yesj it is an opinion em- 
braced by the generality of peisons, 
not accustomed to leason on these 
subjects. It was adopted by Ptolemy, 
a celebiated astronomer of antiquity, 
who supposed the earth perfectly at 
rest, and the sun, planets, and fixed 
stais to revolve about it every twenty- 
four hours 

JameSs And is not that the most 
natural supposition ^ 

Tutor If the sun and stais weie 
small bodies in comparison of the 
eartli, and weie situated at no veiy 
gieat distance fiom it, then the system 
maintained by Ptolemy and his fol- 
lowei s might appear the most jirobable - 
James. Aie the sun and stars ^ely 
large bodies then ? 

Tutor. Tile sun is moie than a 
million of tunes laiger than the eailh 
which we inhabit, and many of the 
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fixed stais are piobably much larger 
than he is. 

' les. What is the leason, then, 
that they appear so small ^ 

Tutor Tins appearance is caused 
by the immense distance there is be- 
tween us and these bodies. It is 
knowm with certainty, that the sun 
is more than 95 millions of miles 
distant from the eaith, and the near- 
est fixed star is piobably moie than 
two bundled thousand times farther 
from us than even the sun himself ’*’■ 

Charles, But we can form no 
conception of such distances 

* The young readci ■will, when he is able 
to manage the subject, see this clearly de- 
monstrated by a scries of propositions m the 
5th book of Dr Enfield’s Institutes of Natural 
Philosophy, second edition — See p 316 to 
the end of book V See also the Treatises on 
Astronomy, by Bnnkley, Vince, and Wood- 
housc 

TOL. II. F 
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Tutor. We tnlh of millions wilh 
as much ease as of Iiundicds or tens, 
but it IS not, pci haps possible foi the 
mind to foim any adccpiate concep- 
tions of sucli Jnsrli uiimbcis. Several 
nietliods haie been adopted to assist 
the mind m compichcndinic the vnst- 
ness of these distances Yon have 
some idea of the swifuiess with winch 
a cannon-bnll proceeds Aoin the month 
of the gun’ 

Janies I liave hceid at the rale 
of eigiit miles in n minntc 

Tuloi . And } ou kno’v how many 
minutes theie me in a 3 eai ’ 

James I can casil} find tliat out 
by multijilying 3(io da\s by for 
the numlier of hoursj and that pro- 
duct hy (lO, and I shall have the num- 
bei of minutes in a 3 car, w'lnch num- 
ber IS 523,600. 

Tuto) . Now' if you divide the 
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(Ustanc^ of the^sun from the earth by 
the number, of* minutes in a year, 
piiiUipUed.vb^^S, because the cannon- 
ball fravels at the rate of 8 miles in 
one minute, you, mil know how long 
any body issuing from the sun, with 
the velocity of a cannon-ball, would 
employ in reaching the earth. 

,J^harks> If I divide 95,000,000 
by 525,600, multiplied by 8, or 
4,204,800, the answer will be more 
than 22, the number of years taken 
for the journey. 

Tutor. Is it then -probable that 
bodies so large, and at such distances 
from, the earth, should revolve round 
it every day ? . 

Charles,^ I do not think it isk — » 
^iVill you, sir, go on with the de- 
scription of the Solar System ? 

. Tutor . ' According to this system, 
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tlie sun in the ccntic, nt)Oiit whicii 
the planets levohe fiom xcest to cast, 
arcoiding to the oidci of the signs in 
the ecliptic 1 that is, if a planet is 
seen in Aucs, it advances to Tam us, 
then to Gemini, and so on. 

James Ilmv man)' planets ai'c 
tlieie belonging to tlie stin ’ 

Tutor. Theie aie se^en, hcbidcs 
sonic smallci liodics of the same kind 
dibcmeiod dming tiic present cen- 
tury c (Plato ?, Pig 2) loprescnts 
the sun, the ncaicst to hicli. Mcr~ 
call/, iciolves in the orbit a, neaily 
circiilai ; next to him is the beautiful 
jilanet Venus, who pcidbims liei ic- 
\olntion in the orbit b\ then comes 
the Earth in t , next to m Inch is 
3/an m c , then Jupiia in the oibit 
J , aftcinaidb Satin n mg; and f<u 
beyond him the Jleisohcl planet pei- 
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forms his icvoliition in t])e oilnt h. 
Do yon lecollcct the lines in Thom- 
son's Summer^ 


anti thou, 0 Sun, 

Soul of surrounding worltK’ in nhom liest seen 
Shines out lh\ M A«crn ’ may I sing of thee ^ 

’Tis hj thy secret strong nit nctiie force, 
As with « chain indissoluble bniind, 

Th^- system rolls entire from the far bourne 
Of utmost Hcisfhci, wheeling wide liis round 
Of /Zufrecore joars; to Jfcrcury, whose disk 
Can scarce bo caught bj philoboplnc eye, 
liOst m the near ef ulgencc of thy blase. 

Charles You have substituted tlic 
woids Ilcicdicl, and four'^corc, foi 
Saturn, and lliiiD. These lines aic 
descriptive of the hgni e. 

James I’or what are tlic smaller 
circles, It hidi are attached to several 
of the larger ones, intended ? 

T'uto} They ate intended to rc- 
piescnt the oi bits of the several satcl- 
V 3 
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lites 01 moons belonging to some of 
the planets. i . ‘ 

Jajnci What do you mean by the 
word Dibit 

’ Tutor 'The path desciibed 'by a 
planet in its couise lound the sun, or 
by a moon round its primaiy planet, 
IS called its oi hit ' Look to the oi bit 
of the earthUn t (Tig 2) and you muU 
see a little ciicle, which represents 
the orbit in which our moon'peifoims 
its monthly journey 
, Charles Has ncithei Mercury nor 
Venus any moon ^ 

Tutoj ' None have ever been dis- 
coveied belonging either to Mercuiy, 
Venus, or Mais. Jupiter, as )ou 
obseive by the figure, has foui moons 
Satin n has seven * and the Heischel 
(which also goes by the name of 
UiaUus) has six* these foi want of 
room are not diawn in the plate,"’ 
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V Cfiorlcs, i.The Solan Systm then 
consists of-the^tin as a centre,’ round 
which sjrcrolve- planets, and 
ei^litem satelHtes or moons. . Are 

w 

there i no .other „ bodies belonging to 

it? ..-i' , 1 

.i.TiUor. yes, as I just obsei'red, 
four other planetary- bodies hare been 
\krj lately discovered as belonging to 
th&> solar system. These are very 
snjalli,“''and named from the astrono- 
mersjwhd^discovered them, who were 
Mess^Piaiizi, plbem, and Harding. 
Tliey are also called uie.Oem FerdU 
miidea, Fallas, Wmo, and Vesta. 
There are comets also which make 
their appearance occasionally ; and it 
would i be wrong positively to affirm 
thdUlfere can be no other planets be- 
longing to tlie .Solar System ; since, 
besides.^ihe; foinr Imdiesjust mention- 
ed, it is^only. ivithin lliese/orty years 
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that the seventh' or the Herschel has 
been known to exist as a planet con- 
nected' with thiti system 
' Cha? Ics. Who first adopted the 
system of tlie ’voild which you have 

been descubin<j^ ■ 

» , ' 

7 Tutor It was concerned and 

taught liy Pythagoras to h'is disciples, 

500 yeais before the time of Cluist. 

But it seems soon to have been dis-' 

legal ded, or perhaps totally rejected, 

till about 300 yeais ago, when it uas 

revived ' by Copernicus, and is at 

length geneially adopted by men of 

science — 

• 

The sun revolving on his axis turns, 

And with creative file intensely burns, 
Impeli’d the foicive air, our earth supreme 
Ttolls \\ ith the planets round the solai gleam 
^irst Mercury completes his tiansient year, 
Glowing refulgent, with leflected glare, 
Blight Venus occupieo a nider way. 

The eaily harbinger of night and day , 
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More dtsinnl lUli O’lf p’obe tcrn^ut^oxis tutus 
Kor cVit's uncn^ts tnr fit reti^ hejitfu bunt? 
AroiJnd Ijcr rv>t!s tin' luuar uth cfligltt, 
Trtiuuglicrf Mlv<.r tl.tuuj:]' tlj£* uijjlu . 

TJc’Umil uitr elolif lUt- Mar# 

«tro*;^ rcf-eotVu of unn't-vcil rt\i, 

Xcxi heliel ^twp'tcrfaritl^^'inl pit ti'i*, 
Scatt'ch* t-n*t yit't rs’il tliir lirtrrt; 
V»suj fu"’ u.'fis’tl rcciptscl-'t o^Kj'lit 
He tirt,V<i tftytUC ihttufl tl»f J^p-KlC'M'. 
lit Riit . 

Hot farilitr * cl l^e t&nU '‘unv 
Anil ‘wn autrthm lnmj’'nT<es ; 
Imtt'tt " ftUJt a tloiiSlc fsuff lu^ j»nt! . 

He c'fck? toroaels Fuime 'mu rf c,. 

Cu,«rtr5 lu'u 
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CONVERSATION yi. 


Of the Figiae of the Eai th 

TUTOR. HaMTig, in oui last Con- 
veisatioHj given you a descuptioii of 
the Solai System in general, we will 
now fiioceed to consider each of its 
paits separately, and since we are 
most of all conceined with the earth, 
Ave will begin with that body 

James You piomised to give us 
some reasons wliy this eaith must be 
in the form of a globe, and not a mere 
extended plane, as it appears to com- 
mon obseri ation 

Tutor Suppose you were stand- 
ing by the sea-shoie, on a level with 
the watei. and at a very considerable 



Oh Tur nr.LiRf Oi' tvr imrtu. 00 


ilist^Ticc, ns far ns tlic e} c ran rcrdj, 
you observe n’slnp appioacliincj 
ought to lie the nppearanev* supposing 
thesiu face of the ‘?ca to be e flu! plane ? 

Charks. Wc shouhl, I think, see 
the whole ship at once, liint is, th^ 
hull \Voiild he \isd3lc as soon as the 
top-mast. 

I'utGr It ccrUr'dy must, oriialrcd 
lathei sooner, because the body of 
the vessel being so mtmh Imgcs than 
a slender nia^t, it mu<t necc^'anly be 
\isd)le at a giealci tlKtanee. 

James. IV. 1 can see llu* ^•.tcepIe 
of a chuich at a mtirh gieatcz* dis- 
tance thru I ran ditc'in tiic non 
conductor nhich is upon U, and tliat 
I can peifertly long belOiC the 
little piece of gold v iie, v inch is fixed 
at lib extremitv, lisible 

Taior Well, but the top-mast of 
a vessel at sea is alv* ays in view some 
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little time ^befo^e the hull of the ves- 
sel can 'be discerned ■> Novv^ if the 
surface of » the sea- be globular, tins 
ought to. be the appearance, because 
the protuberance or swelling of the 
water between the vessel and the 
eye of the spectator, will hide the 
body of the ship some time after the 
pendant IS seen above 

Charles: In the same ivay as if a: 
high building, a church for instance, 
were situated on one side of a hill, 
and I was walking up on the opposite 
side, the steeple would come fiist in 
sight, and as I advanced towards the 
summit, the other paits would come 
successively in view- 

I'utor. Your illiistiation is quite 
to ^;he purpose in the same way two 
pel sons, walking up a hill on the op- 
posite sides, will peiceive each others 
heads first , and as they advance to 
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the top, tljc other parts of Iheir !«'*- 
tt'jll |»ecoiiic viit“5L1t.'- Tv’iUi re- 
spect to the ship, the f<»15rt*.rin£r frirfire 
lisil! coovcy the iuea \>^y sccttMtch” 
(Hate I, Fip Soppo'^* <’ h re- 
pm-cnt a Monil part of the ujyvt^! 
Mirfoce of the *04 1 if a sprcl-it^^v 
stand nt li, v hiL* 0 ship U at only 
a sninU part of the nuj'-t i- vi^ilde t4 
hnn, tnit as it Svlirance^, nwre of the 
ship is *;een. liil It arrive fit 
the whole will he in 

Behold hv'Ti the My v.s r^‘*a ihr jn-fJ 

iVd it.f. Sc^’l, C{*.j dfti-'-j '•», 

4nd tiud ?hv hwu”, thfn thvf Art 
At If the UUi t» j? csf {tir 
Atow is *i'< r ; U ■'«. U e Asp 

'Hiii !cf M ■''; «8!bA \,\K i'4 t<f slu ft ; , 

r»5r P'ty, Tfaoj the top n*Ti*l, tl <*’ V' r^* t« 

*i7iaj» tithcr ilttl f l1ti‘ihyr< st ftfrt 

I/jit’’?' KeorAjf, 

CV/tr?’/cr, AViu n I stood hy the yea- 
VOL. IL G 
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Side the 'itater did not Uppeav to me 
to be curved. 

Tutor Perhaps not , but its con- 
vexity may be discov'ered upon any 
still water, as upon a river, which 
is extended a inde oi two in length, 
foi you might see a very small boat 
at that distance while standing up- 
right, if then you stoop doun so as 
to bung your eye neai the water, 
you will find the surface of it rising 
in such a mannei as to cover the 
boat, and intercept its new com- 
pletely Anothei pi oof of the glo- 
bular figuie of the eaith is, that it 
IS necessaiy foi those who are em- 
ployed in cutting canals^ to make a 
certain aliou ance for the com exity , 
since the true lesel is not a stiaight 
line, but a curve which falls below 
it eight inches in the firet mile 

Chai les ^ I have heard of people 
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as sure as travelling on the high 
London road from the metropolis to 
York. By this method, Ferdinand 
j\Iagellan sailed, m the year 1519, 
from the western coast of Spain, and 
continued Ins voyage in a westwai d 
couise till he ai rived after 1124! 
days in the same port from whence 
he set out. The same, with respect 
to Great Britain, was done by our 
mvn count! y men sir Francis Diake, 
loid Anson, captain Cook, and many 
otheis 

Chailes Is then the common tei- 

f I 

restiial globe a just lepiesentation of 
the eaith^ 

Tutor It is, with this small dif- 
ference *, that the artificial globe is a 

* "SVhat the earlh loses ol its sphericity, by 
^ mountains and valleys, is very inconbiderable , 
the highest mountain bearing so little propor- 
tion to Its bulk, as scarcely to be equivalent to 
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])t'rfocl $ph{'ic. xvlicrcas the oaUli is a 
spheroid, tiiat iti the shajie of nti 
oionirr. tlic (liamcttr fioai tiofa to 

^ 4 

pok heini;; nhout ^7 miles shorlei 
than that .*t the ctjuatur 

What arc the pole^, sir^ 
Tutor. In the attirjcjclt'lohc (I’lalc 
1 , 1 % iheic IS an axis ks about 

C«i 

Vilijch it turns; innv the tun c.'.tic- 
initics 01 ends of this a\I^ x and J»are 
called the poles 


die iDHUtcsl pronihi,'n*nce on ihr of 

an orange; — 

llic'c ricfjtnUtiet' fo itsfocin print ; 
liul loon c,t tbit con’prelici ih the uholc, 
Tltc tujiour, v.linh tf» tu so nion'troiis Fctm*!, 
If Of A cran of «p'>rhlmp Jfond ihnt chnp'^ 

Tu the^^nooth sorface of a splitrc of plnss, 
Or C3 a fij tipm the coaves tlnuie 
Of a EoMmjc, jiupcndou*; ethhee 
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The globe terrestrial, Hints slanting poles, 
And all Us pond’rous load, unw eaned rolls., s 

Blackmore. 

, ' ' ‘ i 

Charles. Is there any axis helong-f 
ing to the earth ^ ’ - 

Tutor No ; hut, as we ' shall' 
to-moiTOW show, the earth tiiins 
round once in eveiy 24' "hours,' so 
astronomers imagine an axis upon 
which it reiolves'as upon a centie, 
the extieniities of ‘winch imaginaiy' 
axis aie the poles of the caith,of 
these, >, the noith pole jioints at all 
times exactly to p (Fig’ 1), the noith 
pole of the heavens' which ‘We> have ' 
already described,’ and which is, as 
you Recollect, within two degiees^of 
the polar^ stai ' . ' ' ' ’ " ' ' 

James And how do vou ‘ define' ‘ 
the equator^ ' ^ 

Tutor The equator A j$ (Fig ^'4<j 
N 15 the circumference of’aii hhaffinaiT- 
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circle passing through the centre of 
the eartli, perpendicular to the a\is 
K Sj and at equal distances from the 
poles. 

Charles. And I think you told us, 
that if vre conceived this circle ex- 
tended 'c\ ery vraj to the fixed stars it 
n-ould form the celestial equator. , 

Tutor. I did ; it is also called the 
equinoctial^ and you must not forget, 
that in tins case it would cut the Gli- 
de of the ecliptic o B in two points. 

> Jamcs-‘ Why is the ecliptic marked 
on the terrestrial globe, since it is a 
ciicle peculiai to the heavens? 

“ Tutor. Though the ecliptic he pe- 
culiar to the hea^ens, and the equator 
to the eailh, yet they are both diawn 
on tlie terrestrial and celestial globes, 
Jn Older, among other things, to 
show the position wJiich these ima- 
gine y circles have in relation to one 
anothci , 
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I shall now conclude our present 
Conversation, with observing, that, 
besides the pi oofs adduced^ for the 
globular form of the earth, there ai e 
others equally conclusive, which will 
be bettei understood a few dhys hence 
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CONVERSATION VII. 


Of the Diurnal Motion of the Earth 

7UTPOR. Well, gentlemen, are you 
satisfied that the earth on which you 
tread is a globular body and not a 
mere extended plane ^ 

Charles Admitting the facts which 
you mentioned )*esterday, viz that 
the top-mast of a ship at sea is always 
visible bcfoic the body of the vessel 
comes into sight, — that navigators 
have repeatedly, by keeping the same 
direction, sailed round the n orld ; — ■ 
and that pei sons employed in digging 
canals, can only tixecute tlieii* work 
with effect, by allowing for the sup- 
posed globular shape of the earth, it 



70 OF rilR DlUtlNAL MOI'ION 

IS evident the eaith cannot he a meie 
extended plane. 

James. But all these facts can be 
accounted for, upon the supposition 
that the eaitlr is a. ‘globe, and theie-! 
fore you conclude it is a globe this 
was, I believe, the , natui’e of the 
pi oof? 

Tutor. It was; let us now ad- 
vance one step farther, and show you 
that this globe turns on an imaginary 
axis every twenty-four houis , , and 
thereby causes the succession of day 
and night . 

And earth self-balanc'd on her centre hung. 

' Taii. Lost. 

James. - I shall wonder if you are; 
able to afford such satisfactory evi- 
dence of the daily motion of the earth, 
as of Its globular form., 

Tutor. I trust, nevertheless,, that 
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the nrgiiTnents on this subject aViU 
be sufficiently commcing, and that 
before ue pnit >ou will admit, that 
the apparent motion of th'c sun and 
stari IS occasioned by the diuinal 
motion of the eatth. 

Charles. I shall bo glad to hear 
how this can be piovcd, for if, in 
the morning, I look at the sun v/hen 
lising, it appears in the east, at noon 
it has tra\ elled to the south, and in 
the evening I see it in the m estern 
part of the hcaicns. 

James. Yes, and \vc obsci \ cd the 
same last night (March the first) 
with respect to Jrefurus, for about 
eight o'clock it had just risen in the 
noith-wcst part of the hoiipion, and 
when w e w ent to bed tv. o hours aftei , 
it had ascended n good height in the 
heavens, evidently travelling ton ards 
the west. 
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Tutor It cannot be denied that 
the heavenly bodies appear to rise in 
the east and set in the west , but the 
appearance will be the same to us, 
whethei those bodies i evolve about 
the earth while that stands still, or 
they stand still while the eaith turns 
on its axis the contrary way. 

Charles. Will you explain this, 
sir ? 

Tutor. Suppose gucb (Plate n, 
Fig 5) to lepiesent the earth, t the 
centre on which it turns from west 
to east, according to the older of the 
letters- G u c e If a spectator on the 
surface of the earth at n. see a star at 
H, it will appear to him to have just 
nsen ; if now the eai’th be supposed 
to turn on its axis a fourth part of- a 
1 evolution, the spectator uiU be car- 
ried from-Ji to c, and the star will 
he just over his head ; when another 
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fourtlj part of the revolution is com- 
pleted, the spectator n ill be at 13, and 
to him the star at hauII be setting, 
and. ^ will not be visible again till he 
ariive, by the lotation of the earth, 
at the station R. 

Cliai'las. To the spectator, then, 
at 11 , the appearance would be the 
same whether he turned m iih the 
eaith into the situation B, oi the stai 
at H had desciibed, in a contiaiv’ 
direction, the space h ^ o m the seme 
time 

Tutor, It cei tainly wu\ild 
, James, But if the eailh lepJly 
turned on its axis, should v/c not 
.pei’ceive the motion ^ 

• Tutor The eaitb, in its diiiinal 
notation, being subject to no impedi- 
ments by resisting obstacles, its mo- 
jtioii cannot affect the senses In 
the -same way ships on a smootii sea 

YOL ir. H 
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arc frequently turned entirely lound 
by the tide, n itliout the knowledge of 
those pel sons who happen to be busy 
in the cabin oi between the decks. 

Chalks. That is, because they 
pay no attention to any other object 
but the \essel in which tliey are. 
Ever) pait of the ship moves with 
themselves. 

James But if, while the ship is 
turning •without then knowledge, 
they happen to be looking at fi-^ed 
distant objects, what will be tlie 
appearanc^ ^ 

Tutor. To them, the objects 
ivlncJi aie at lest ivill appeal to he 
turning loiind the contiaiy ivaj'. In 
the same manner ive are deceived in 
the motion of the eaith round its 
axis , for if v^e attend to nothing but 
•what IS connected with the caith, we 
cannot peiccive a motion of which 
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we partake ourselves , and if we fix 
our eyes on tlie heav'eniy bodies, the 
motion of the earth being so easy, 
they Will appear to be turning in a 
diiection contrary to the leal motion 
of the eai th 

C/ia}'lcs. I have sometimes seen 
a sky-Iaik lioveiing and singing over 
a paiticulai field for seveial minutes 
together , now, if the earth is conti- 
nually in 'motion while the bud le- 
mains in the same pait of the air, 
why do we not see the field, ovei 
which he fiist ascended, pass fiom 
under him ^ 

Tutor. Because the atmosphere, 
in which the laik is suspended, is 
connected with the earth, partakes 
of its motion, and cairies the laik 
along With it , and tlierefore, inde- 
pendently of the motion given to 
the bud by the exertion of its wings, 
H 2 
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it has another in common With the 
eaith, youiselfj and all things on it, 
and, being common to us all, we 
have no methods of ascertaining the 
fact by means of the senses. The 
rotation of the earth on its axis, the 
smoothness of its motion^ and its 
effect on the atmosphere, are described 
by Milton in three lines — 

That spinning sleeps 

On her soft axle as she paces even, 

And bears us swift with the smooth air long 

James. Though the motion of a 
ship cannot be , observed without ob- 
jects at rest to compaie with it, yet 
I cannot help thinking, that, if the 
caith moved, we should he able to 
discover it by means of the stais, if 
they pre fixed. 

Tutor. Do you not lemeniber 
mce sailing veiy swiftly on the river. 
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whem.yoH told, me that you thought 
all the trees, »Jiouses, &c., on its 
liankSjjrere in .motion? 

. xiJaq(es.^,>^X noTf recpUect it well, 
^nd- 1 Jiad some diflBcuIty in per- 
suading jnyself that it was not so. 

^ Charles.^ This biings to my mind 
p still Jtpnger deception of this sojrt* 
when travelling with great speed in 
a post.chaise, I suddenly waked from 
a sleep’ in a smooth but narrow road, 
and I could scai’cely help thinking, 
for several miiTutes, but that the 


treses and hedges were running away 
Irpm Us/^ahd pot weTrom them. 

X^irill mention another 
curious insianee of this kind , if you 
ejer,jhapp,en th .travel pretty swiftly 
in *a carnage by the side of a field 
plo'ughe'd'^'ihtp,^ long narrow ndges, 
and^j perpendicular to the road^ you 
WiUl fbinkv^that all the ridges are 
H 3 
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ti.rning round in a diiectionxontiary 
to that of the caiiiage. These facts 
may satisfy you that the appearances 
v>iii be piecisely the same to us, whe- 
tlici the earth turn* on its axis iiom 
u ect to east, or the sun and stars 
move from east to west 

James. They will: but which is 
the moie natmal conclusion ^ 

Tiitoi . This you shall determine 
for yourself. If the earth (Fig 4) 
tmns on its axis in 24 hours, at what 
rate will any pait of the equator ad 
move ^ 

Charles. To determine this we 
must find the measuie of its circum- 
ference. and then, dividing this by 24, 
we shall get the number of miles 
parsed through in an houi. 

Ttdbi Just so . no\y call the semi- 
diametei of the eaith 4000 miles, 
v.Jnch is lathei more than the true 


measure 
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James. IMuUiph ing this by six 
Avill give 24-,000 mile'; foi the cir- 
cumference of the cailh at tiie equa- 
tm, and this, divided l)y 24', gives 
1000 miles for the ■'pacc passed 
tluniigh in an hour, by an nilialntant 
ot the cquatoi. 

Tutor. You aic right. The sun, 
I have already told you, is 9 >j mil- 

* If the reader would he accurate in Ins 
cilculotions, he must late the menu radius of 
die tnrlh at SOS-j miles, ami this, muUiphcd 
by CjSSlIS, will «ne ~ 1,912 miles for the 
circumference Through the reinnmder of 
this worh, the decimals in muUiphcation are 
omitted, in order that the mind nmy not he 
burdened with odd numbers It seemed ne- 
cessary, however. In this place, togi\c the 
true somi*diamcter of the earth, and the num- 
ber (accurate to fi\c places of decimals) by 
which if the radius of an^ circle be multiplied, 
the circumfcrencL is obtained. ^Ir Playfair 
mnhes the longest semi-dinmcter of the earth 
tobeSDSS-i miles, ami the shorlci dUlOj nnhs 
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lions of miles distant from the earth ; 
tell me, therefoie, Chailes, at what 
rate that body must travel to go 
round the earth m 24 horns ^ 

Charles I mil, 95 millions mul- 
tiphed by six will give 570 millions of 
miles for the length of his circuit, 
this divided by 24 gives neaily 24 
millions of miles for the space he must 
travel in an houi, to go lound the 
earth in a day. 

Tutor. Which now^ is the more 
piobable conclusion, either tliat the 
earth should have a diurnal motion on 
its axis of 1000 miles in an hour, oi 
tliat the sun, ivhich is a million of 
times laiger tlian the earth, should 
tiavel 24 millions of miles in the 
same time ^ 

J am es It is certainly m oi e i ation al 
to conclude that the eai th tunis on its 
axis, the effect of which you told us 
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was the alteinate succession of day 
and nidit 

c? 

Tutor, I did, «and on this and 
some other topics we will enUnge to- 
inoriow. 
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CONVERSATION VIII 


Of Day and Night 

JAMES You piopose, now, sir, 
to apply the rotation of the earth 
about its axis to the succession of day 
and night 

Tutor I do . and for this pui- 
pose, suppose g ii c u (Plate ii, Fig 5) 
t^ he the earth, revolving on its axis, 
acboiding to the oidei of the letters, 
that iSj fiom G to ii, ii to c, &c If 
the sun he fixed in the heavens at z, 
and a line H o be drawn thiough the 
centre of the eaith t, it will lepresent 
thatcncle, which, when extended to 
the heavens, is called the rational 
horizon 



OF DAi ANP MGUT 83 

t 

Charhs In '\\liat does this diflei 
from tlie sensible horizon ^ 

Tutor. The sensible Iiorhon 
that cjicle in the heavens which 
bounds the spectatoi’s view, and 
tvhich IS greater or less, according 
as lie stands liigher or loner. For 
example , an eye placed at Jive feet 
above the surface of the caith or sea. 
sees 2-3- miles every way but if it 
be at 20 fee^ high, that is 4 times the 
height, it will see 5-t. miles, or twice 
the distance 

Charles. Then the sensible diflers 
from the rational hoiizon in thix, 
that i\\e former is seen from the sur- 
face of the earth, and the latter is 
supposed to be viewed from it-^ 
centre. 

Tutor. You aic light » and 
rising and setting of the sun and sta^i 
are aln a 3 's refen ed- to ..the 'National 
horizon 
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James '\Vhy so ^ they appear to 
use and set as soon as they get a’'''ve, 
01 sink below that' boundai r ■ ',jh 
separates the visiblcJioin the i’ dde 
part of the heavens/ / \ 

Tuloi They /dj3' not, \^ *' '' e\er 
and the icason is this, thr '^’' e dis- 
tance of the sun and h' " ‘ stais is 
so gieat in comparisr ' <'1 4000 
miles (the diffcience * "cen the 
surface and centie 0 , < e enith), 
that it can scarcely * taken into 
account. 


Charles. But 4( t' . miles seem to 

t 

me an immense spa 

Tutor, Considei, < .eparatel}^ they 
are so, but when ' .mpaied vith 95 


niillions of mile'^ 

nfiomtheea ■ 
cei 

t, . 

Jnmei P i 


tCc distance of the 
*,they almost \ anisli 

io tlie using and.sel- 


4ing of the niu^ti. wlucli is at the dis- 
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taiice of 240 thousand miles only, 
respect also the lational horizon^ 
'Tutor. Certainly; foi 4000 com- 
paicd nith 240 thousand, bear only 
the pioportion of 1 to 60. Now if 
two spaces were maiked out on the 
earth in diflercnt directions, the one 
Co and the othei 61 yauls, should 
} on at once be able to distinguish the 
greater from tlic less ? 

Charles I think not. 

Tutoi . Just in the same mnnnei 
does the distance of the centiefiom 
the suiface of the caith vanish m 
comparison of its distance fiom the 
moon. Tliere is a difierence, liow- 
ever, connected with uliat astrono- 
meis call parallax, but this is not 
the time to explain that peculiarity. 

James No ourpiescntbusinesms 
n ith the succession of day and night 
Tutoi . Well then , if the sun be 
vox,. II. 


t 
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supposed at z, it will illuminate, by 
its lays, all that pait of the earth that 
IS above the hoiizon H o To the in- 
habitants at G, its westein boundary, 
it will appeal just using , to those 
situated at R, it will be noon , and to 
those in the eastern part of the 
horizon c, it will be setting. 

Charles I see cleaily why it shhuld 
lie noon to those who live at R, be- 
cause the sun is just o\ei then heads , 
but it IS not so evident, by the sim 
must appear rising and setting to those 
who aie at G and c. 

Tutoi You aie satisfied' that a 
spectatoi cannot, from an)’’ place, ob- 
seiv^e moie than a semi-ciicle 'of the 
heavens at- any one time , now what 
part of the heavens v. ill the spectator 
at G observe^ 

Jaynes He will see the concave 
hemispheie z o N 
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. Tiiior. Tim boundpry to liis 'view 
-ivill be X aiul A’l ill xt r.ot ’ 

Chalks. Vci.: and conseqncnth' 
tlic FUt)^ nt y.i \xill to him be just 
coming into '^ighl 

Tttfor Then, by the lotntion of 
Ibc earth, the ‘:pcclntoi at <? U'ill in 
a feu boms come to it, v.hen, to him. 
it v.ill be noon; and Iho^e. uliolnc 
at n, xwii liave descended to c; now 
uhxl p.iit of tliC bc.a^ensuill the) see 
in tins '^itnaliotx 

Jai/ics. The toneaxe liemispberc 

II 7, niul K beimr the bmmdarv of 
tiicii \iew one way, the sun will to 
them be setting. 

TtUor. .bni so. After which they 
uill be turned auay ftoux the sun, 
and ronscqrcndy it uill be night to 
them till thev come again to g. Thu';, 
by this fimplc motion of the caith on 
its axis, ex cry pait of it is, by tarns, 
I S 
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enlightened and warmed by the cheer- 
ing beams of the sun 

Chailes. Does this motion of the 
earth account also foi the apparent 
motion of the fixed stais^ 

Tutor, It IS owing to the rotation 
of the earth upon its axis, that we 
imagine the whole stany firmament 
revolves about the earth in 24 hours. 

Jamei>. If the heavens appear to 
tuin on an axis, must theie not be 
two points, namely, the extiemities 
of that imaginary axis, which always 
keep then position^ 

Tutor Yes, we must be undei- 
stood to except the two celestial poles, 
which are opposite to the poles of the 
eaith; consequently each fixed star 
appears to desciibo a greater or a less 
circle round these, according as it is 
more or less remote from those celestial 
poles. 
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. Chirhs. Wl’pn «‘c turn from 
that hemisphere in Mhich Ihc sun 
IS placed no immediately gain sight 
of the Ollier in which the stars me 
situated. 

Tato}\ Escry part of the hca\cn 
is decorated with thc«c glouous 
bodies; so that we mav nnhesilat- 
ingly adopt the exclamation of the 
poet. — 

Tsiglit opes Uu nohk<t Scenes, and shed? an 
ii« c, ‘ 

"W Inch givc*tli050venerrhkfccnrsrn)l v fjgl.t, 
And deep rtccplion in th’ jjiiciuIcrVl Iicart. 
Tins, gorgeous app'in*tu«:' 'fhi'; di'-pl.'vj > 

Thi-j o'^toiiiniion of crtnlivr power * 

'I In'! thentre ' whnt eye can tnlo it in '•* 

By what dirinc cnclp.utmciit ir,is ij. rais'd 
1 or inimh of the first magnUude to launch 
In endlc'^s <^0000101100, and adore? 

One sun h\ da\, by night ten thmnnnd dune, 
And light m deep into the DCily ; 

IIow lj(j«ndk?s in inagmficciico and might’ 

Yoovc. 

I 3 
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James If evefy pait of the hea- 
vens be tlius adoincd, why do we not 
see the stais in the day as well as the 
night ^ 

Tutcj . Because in the day time 
tlie sun’s jays aic so poweifnl as to 
lender those which come fiom the 
fixed stais invisible But if you eiei 
happen to go down into any veiy 
deep mine, or coal-pit, where tlie 
lays of the sun cannot leach the 
eye, and it be a cleai day, you may, 
by looking up to the heavens, see 
the stais at noon as well as in the 
night 

Charles. If the caith always re- 
volve on Its axis in 24 houis, why 
does the lengtii of the days and 
nights difter in difieienl seasons of 
the 3 ear^ 

Tutor This depends on othei 
causes connected ,uith the eaith's 
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aimiial ;iomnej round the sun, upon 
n JntJi ft e n j]{ converse the next time 
wc meet. 
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CONVERSATIQN IX. 


Of the Annual Alotwn of the Earth 

TUTOR Besides tlie ditanal 
motion of the caith, by Mliich the 
succession of day and mgbt is pio> 
duced, It has anotliei, called its 
annual motion, winch is the journey 
it perfoims lound the sun in 3^5 
days, 5 hours, 48 minutes and 49 
seconds , 

Charles Aie the diffeient seasons 

I 

to be accounted foi by this motion of 
theeaith^ ’ 

Tutor. TeSj it is the cause of the 
diffeient lengths , of ’ the days and 
nights, and consequently of the dil- 
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fcrcnt seasons vh Spring, Summer, 
jiidtimn, and irintcr. 

It fhifis die ccasnns, raontlic nml 

Tlsc «1iorl-!n*d oSF'pritig of rc\oUing lime ; 

By turns ihc} tiie, i»y t«n« nrc horn. 

Kotv rhcorful Spring the circle leads 
And fire’ s V"ilh fio’^trs the smiling mends; 
(in) Si'tnn'cr nc’st. trhoni ru'^stt robes adorn, 
Ard r .iilng ficliK of \ cHmv com , 

Then Autumn, \,ho svith lavish stores llie hp 
of JTntnre 

Decrepit infer, Liggvsrd in the dance 
(Like feeble ..gc onprf-vM wilh pain), 

A lien' ) sc V'on dof s mamlmn, 

"W iih dnsing Micms nnd niniL and ram, 

'Jdl Spring, reinJuH to advance, 

T1 c >, nous \ear rolK ro.ird ogniu. 

Hut lies. 

Jumes. IIow is it known that tlic 
carllj makes tbi-v animal journm round 
tlic sun ? 

TiiiGr. I told you yesterday, tliat, 
tlnoug^li the sbaft of a vciy deep mine, 
tlie stars arc vi’>i!ilc in the day as w ell 
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as in the night. They aie also visible 
in the 'day time, by means of a tele- 
scope propeily fitted up for the pur- 
pose; b}’’ this method, the sun and 
btais aie visible at the same time. 
No-w if the sun be seen in a line \^nth 
a fixed stai, to-day at any particular 
lioui, it nail, in a few weeks, by the 
motion of the eartli, be found consi- 
deiably to the east of him and if the 
observations be continued thiough the 
year, we shall be able to trace Inm 
lound the heavens to' the same fixed 
star from which we set out , conse- 
quently, the sun must have made a 
jouiney lOund the eaith in thar time, 
or the eaith lOund him. 

Charles. And the sun being a 
million of times laigei than the earth, 
you will say that it is moie natuial, 
that the smaller body should go 
round the laiger, than the reveise 
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Tithir, That i*; a pinpcr nigu- 
irciil* i>ut it Jii.n Vv stated in u 
nn.tli stiongei manner. The piiu and 
cejth mi'tuf’lh' attK-et one anolhei. 
and ^inee ther nu* in Uf by 

tliN altraelioji, %oii kiici*, their rao- 
nK.<fa nni't h^ cf'enl . thciclbic the 
ea»th heintr tiie sin’illei Iiody. mrLc'- 
out In its motion ivhaL it nnntt. in 
t]jc tiuanlit\ of it=: mattci, rani, of 
iOin'Cj it i? that ninch pel forms ihc 
join ncy 

J( j)ul it }mz jcfcr to the 
}.iinriplc of the Icinr, in e,\piain tiie 
inalo'ij attr.iOtion of tiic son and 
earth, it is mideid, that hntii bodies 
must turn rnimd <oine jiaini as a cnm- 
nioa Lciitie 

Tatar The) do; and that is the 
common ceid.o of cn.nity of the tno 


4 


8tv Vo? I, Con.crsanoii XJV 
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bodies. ‘ Now this point between the 
earth and sun is within the surface of 
the latter body. 

Chiirles I understand how this is , 
because the centre of gravity between 
any two bodies, will be as much 
nearer to the centie of the larger 
body than to that of the smaller, as 
the foimer contains a greatei quantity 
of matter than the lattei 

Tutor You are right but you 
will not conclude that, because the 
sun is a million of times laigcr 
than the eaith, therefore it contains 
a' quantity of matter a million of 
times greater than that contained in 
the eaith. 

1 James Is it then known, that the 
eaith is composed of mattei more 
dense than that Mhich composes thh 
body, of the sun ^ 

Tutor The eaith IS composed of 
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maUcr four tiroes denser than that 
of the snn^ and hence tlic quantity 
of matter in tlie smt is between tn o 
and three hundicd thousand times 
greater tlian that which is contained 
hr the cnith. 

Charles. Then for the momenta 
of Ihc^e tn o bodies to bo cqnab the 
\cIocitr of the cailh must he be* 
tv.cen two and tluee Imndrcd thou- 
sand times qi eater than Ural of the 
sun. 

Tutor. .Tust so and to encet 
tins the centre of gravit) hetweeu 
the sun and cnrlh, wilt fie ns much 
nearer to the centre of the sun tlian 
it is to the centic of Uic earthy as the 
former body contains a greater quan- 
tity of matlei than the laltci * and 
lienee it is found to be several thou- 
sand miles witliin the surface of the 
sun. 

VOl .If. K 
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James, I now cleaily perceive, 
that since one of these bodies re- 
volves about the other in the space 
of a 3'eai, and that they both move 
round their common centre of gra- 
vity, that It must of necessit}’- be 
the eaith which revolves about the 
sun, and not the sun round the 
earth. * 

Tuto)\ Yoiii iilfereuce IS just. 
To suppose that the sun moves lound 
the earth is as absiud as to maintain 
that a milestone could lye made to 
move lound a pebble. 
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CON^TiRSATION X 


Of the Seasons 

TUTOR. I Mill noM’’ show you 
liow the different seasons arc pro- 
duced by the annual motion of the 
earth. 

James Upon M'hat do they de- 
pend, sii ? 

Tutor. The variety of the seasons 
depends (1) upon the length of the 
jdays and nights, and (2) upon the 
position of the eartli Mutli respect to 
the sun. 

Charles. But if the eaith tuin 
lound its imagiOaij’' axis eveiy 21< 
hours, ought it not to enjoy equal 
days and nights all the year ? 

K 2 
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Tulor. This Mould lie the rase if 
the u\is of the earth K s (Plate n, 
Fig;, fi) M'ero peipcndicular to n Hue 
c r. draM’u llnough the tentres of the 
sun and cartli ; for tlicn, as the 5inj 
always enlightens one linlf of the 
earth h)’^ its rays, and as it is day nt 
any given jdacc on llic gloljc, so 
long ns that place continues in the 
cnhgiitcncd lieitusplicre, cveiv part, 
except the two poles, must, during 
Its rotation on its axis, ho one Indf 
ot its tune m the light and the other 
liidfin claikncss ■ or, in other woids, 
the dajs and nights would he equal 
to all the inhahilnnt'' of tlie earth, 
excepting to those, 2 I any, who live 
at the poles'^ 

James. AVhy do xon except the 
I'coplc nt tlie poles 

Tutor. Because the ^icw of the 
spectator situated nt the jioles K and 
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s, must bo bounded by the line c e ; 
consequently the sun to liim would 
iie\ei appeal to use or set, but would 
alwajs be in thchoiizon. 

Charles. If iiic eaith weie thus 
siluated, would the ia}s of the sin 
always fall vertical!) on tlic same 
pait ofil”^ 

Tuio). They would, and that 
part would lie E Q the equator, and, 
as w'c shall picscntly shoiv, the heat 
excited by tlic sun being greatei oi 
less in piopoitioii as its lays come 
inoic or less peipendidulaily upon 
any body, the parts of the eailh 
about the equator v/ould be scorched 
up. while those beyond 40 oi .50 
degi’ees on each side of that line and 
the poles, ivould be desolated by an 
unceasing w intci 

'——Some say the sun 
^"as bid turn reins from th* cqmmctial road 
K 3 
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Up to the Tropic Oral ; thtoce down anmin < 
By Leo and the Virgin, and the Scak^j 
As deep as Capricorn, to bring in change 
Of seasons to each chrae cist had the spilng 
Perpetual smil’d on earth tuthtcrnaiitfloutrs, 
Equal in days and nighfej cveept to those ^ 
Beyond iha polar circles to them day 
Had unbenighted shone, uliile the lov sun, 

To recompense his distance, in their sight 
Had rounded still th* hon/pn. 

Par. Lost, Booiv v i 672. 

James. In what mannei is this ' 
pi even ted ^ 

Tutor. Ey the axis of the eaitli 
K s (Plate ir, Fig 7) being inclined 
or sloped about 23 degiees and a half 
out of the perpendicular, as it is de- 
sciibed by ilLlton 

> — — He bid hiK angels turn aslance , 
The poles of earth twice ten degrees and more 
From the sun’s axle 

In this case you observe, that all the 
paiallcl -cucles, except the equatoi. 
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are divided into two unequal parts, 
ha\ing a greater or less portion of 
theii circunifeiences in the enlight- 
ened than in the dark hemisphere, 
according to their situation with 
1 cspect to N the north, or s the south 
pole. 

Charles. At what season of the 
year is the eaith represented in this 
figure'^ 

TutO). At our summer season; 
for you obseive that the parallel eli- 
des in the northern hemisphere have 
their greater parts enlightened, and 
their smaller parts in the daik. If 
D L represent tliat cirdc of latitude 
on the globe in wdiich Great Cntaiii 
IS situated, it is evident tliat about 
two-thirds of it is in the light, and 
only one-third in darkness. 

You will remember, that parallels 
of latitude aie supposed cirdes on 
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the surface of the earth, and are shown 
by real circles on jts lepiesentative 
the tenestiiai globe, dian^n parallel 
to the equatoi . 

.Tames. Is that the reason why 
our days towaids the middle of June 
aie 16 hours long, and the nights but 
8 houis ’ , 

Tutor. It IS . and if you look; to 
the parallel next beyond tliat mailted 
D L, you will see a still gieater dis- 
proportion between the day and 
night, and the parallel more npith 
'than tins is entirely in the light. 

Chai les Is it then all day theie ? 

Tutor. To the whole space ^ be- 
tween that and the pole it is conti- 
nual day for some tune, the diua- 
Thfc^of -{vi^iich IS in piopoition to its 
rrom pole, and at the polp 

In this casa peimanent day -light for 
paiallcl tnctogethei. 
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James, "A'nd during that' time it 
must I suppose be night to the peo- 
ple w'ho live at the south pole ? 

Tutor, Yes, the figure shows that 
the south pole is in darkness; and 
you may' observe, that to the inha- 
bitants living in equal parallels of 
latitude, tlie one north and the other 
south, the length of the days to the 
one will he always equal to the 
length of the nights to the othei . 

Charles. What then shall n e sav 
to those who live at the equator, and 
consequently n ho have no latitude ? 

Tutor. To them the da}s and 
nights are alxoays equal, and of 
course twelve hours each in length, 
and this is also evident from tlie fi- 
gure, for in every position of the 
globe one half of the equator is in 
the light, and the other half in dark- 
ness. 
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James If, then, the lengthy of 
the days is the cause of the diflerent 
seasons, there can be no variety m 
this respect, to those who live at the 
equator ^ 

Tutor. You seem to forget that 
the change in the seasons depends 
upon the position of the earth with 
1 cspect to the sun, that is, upon the 
pe? pendtculo7'ity with which the rays 
of light fall upon any particular pait 
of the earth, as ivell as upon the 
lengtli of days, 

Charles. Indeed I did , but does 
that make any material difference 
with regard to tbe^heat of the sun’ 

• Tutor. It does let a (Plate ii. 
Fig. 8) represent a portion of the 
earth’s surface on which the sun’s 
lays fall peipendiculaily , let B c * le- 
present an equal portion on which 
they fall obliquely or aslant. It is 
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manifest that B c in tlie position of 
the figure, though it he equal to a b, 
leceives but half the light and heat 
that A B does Moieovei, hy the 
sun’s rays coming moie peipendicu- 
laily, they come with gieatei foice, 
as well as in gieatei numheis, on the 
same place. 



CONVEHSATION XL 


Of the Seasons 

TUTOR If you now take a 
view of the earth in its annual couise 
round the sun, considering" its axis 
as inclined 23^ degrees to a line per- 
pendicular to its Dibit, and keeping, 
through its whole jourcey, a diiec- 
tion parallel to itself, you will find, 
tliat, accoiding as the earth is in 
different parts of its orbit, the rays 
of the sun are presented peipendicu- 
laiiy to the equator, and to eveiy 
point of the globe, within 23J- de- 
glees of it both noith and south. 

This figure (Plate ir. Fig. 9) le- 
presents the eaith in foui different 
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parts of its oibtt, or as it is situated 
with respect to the sun in the months 
of jSXarch, June, September, and De- 
cember 

Chalks. The eai Ill’s mbit is not 
made cirrulai in the figure 

Tiifot. No, but tlie orbit itself 
is neail}" cnculai we aie, hov,e\ev, 
supposed to MOW it fiom the side n d, 
and theieforc, though almost a cu- 
cle, it appears to be a long ellipse 
All ciiclcs appear elliptical in an 
oblique view, as is e\ idcnt by look- 
ing obliquely at the lim of a ba^on 
at some distance fiom you For tiio 
tine figure of a ciicle can only he 
seen when the e)c is dnectly over its 
centre. Tou obsei\e that the ‘■un i'. 
not in the centre. 

Jajiies. I do; and it appears ncniei 
to the emth in the wnntcr than in tlie 

' ^ r 

summer. 

VOL. ir, T. " > 
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Tutor. Wc aip indeed moie t]mn 
three millions of miles neaier to the 
sun in December than ^ve arc m 
June 

Charles Is this possible, nhen 
oui mnter is so much colder than 
the summer ? 

Tutor. Notwithstanding this^ it 
IS a w ell know n fact . foi it is as- 
cei lamed, that our siimmci , that is, 
the time that passes betw'cen the 
lernal and autumnal equinoxes, is 
neaily eight days longer tlian our 
w'lntei, or the time betw'cen the au- 
tumnal and vernal equinoxes. Con- 
sequently tlie motion of the eai th is 
slow^er in the forniei case than in tlie 
latter, and thercfoie, a., w e shall see, 
it must be at a greater distance from 
the sun Again, the sun’s apparent 
diametei is gt cater in our wunterthan 
in summer; but the appaient diame- 
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ter of any object increases in pro- 
poition as our distance fioni the ob- 
ject is diminished, and tlieiefoie we 
conclude, that ne aie nearer the sun 
in winter than in summer Tlie sun’s 
apparent diametoi on January 1st, is 
32'. 35^ on July 1st, 31' 30'^ 

James. But if the earth is faither 
from the sun in summer than in win- 
tei, why aie oui ivinteis so niucli 
colder than our summeis^ 

Tutor. Because first, in the sum- 
mei, the sun rises to a miicli gi cater 
height above our hoiizon, and Iheie- 
fore, its lays coming moie perpen- 
dicularly, a greater number of them, 
as we showed a'ou )csteiday, must 
fall upon the surface of the eaith, and 
the}’’ come also with greater foice, 
which are the piincipal causes of our 
great summers heat Secondly, in 
1 . 2 
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thC' summer, the days are very long, 
aud the nights short ; therefoie the 
eaiLh and air aie heated by the sun 
in 'the day moie than they aie cooled 
in tlie night. 

James Wiiy ha\G we not, then, 
the gientcst heat at the time when 
the dn} s are longest ^ 

Tutort The liottest season of the 
yeai is ceitainly a montli oi two af- 
ter this, which may he tlms ac- 
counted foi. A body once healed 
does not hecome cold again instan- 
taneously, but giadually, now, as 
long as more heat comes from the 
•,011 ill the day than is lost in the 
night, the licat of tlie caith and an 
be daily increasing, and tins 
V. (!I c\ idently be the case foi some 
neeks after the longest day, both 
on account of the number of ra}s 
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which fall on a gu eii space, and also 
fiom the peipehdicular diicction of 
tliose lays. 

James Will you now explain to 
us in what manner the seasons me 
produced ? 

Tutor. Hr referiing to the figure 
(Plate Tf, Hig. 0) you v. ill ob«cv\ e, 
that in the month of June, the nmth 
pole of tliG earth inclines lowauls the 
sun, and rnnscquently bi mgs all the 
northern paits of the globe more into 
light than at any other time in the 
jear. 

Chtirlc^ Tlicn to the people in 
those parts it is i,niunicr 

Tutfjt. It is* but in Decenihei, 
v,hen the cailli is in the opposite 
part of Its mbit, the norlh-jiolc de- 
diucs fioin tlm mui, V Inch occasions 
the norlhcin places to he inoie in the 
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/daik than in tlie light , and the leverse 
^ at the southei n places. 

Jama. Is it then summer toi the 
inhabitants • of the southern hemi- 
sphere 

' Tutor Yes, it is , and winter to 
us. In tlie months of March and 
Septembei, the’ axis' of the eaith 
does not incline to, or decline from 
the sun, but 'is perpendiculaL to a 
line diawn fiom its centre. i And 
then the - poles are in the boundary 
of light and darkness, and the sun 
being diiectly veilical to, or o\er 
the equator, makes equal day and 
night at all places Now trace the 
annual motion of the eaitli in its 
mbit for youi self, as it! IS' represented 
in the figuie 

Charlci, I will, sii ; about the 
20th Of Maich the eaith is in Libia, 
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tind con^cqucndy to its inhabitants 
the snn will appeal in Aiics and be 
vertical to the equator. 

Tuto } . Then the equatm and ail 
its parallels aio equally dnided be- 
tweeh the light .and dark 

Charier. Consequently the days 
and nights me equal .all o\cr the 
^\orld. As the eaith puisuct. its 
journey from Mai eh to .Tune, its 
northern hemisphcic comes more 
into light, and on the 21st of that 
month, the snn is \ertical to the 
liopic of Cancer. 

Tutor. You then ohscivc, that 
all llie cirdcs pai'aHcI to tJic eqnaloi 
arc tincc(nally divided , Iho'^c, in the 
northeiii half, ha\c their gi cater 
jiouionc in tlie light, and those, in the 
■^outhcni half, h.r e their huger por- 
tion^ in da;KrK’5“'. 

Chat Icf. Yc<t and. of couuc, it 
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IS summer to the inhabitants of the 
noithern hemisphere, and winter to 
the southern 

I now trace it to September, when 
I' find the sun vertical again’ to the 
equator, and, of couise, the days 
and niglits aie again equal And 
following the earth in its journey to 
December, or when it has ariived at 
Cancer, the ' sun appears in Capri- 
corn, and IS vertical to ' that part ’ 
of the eai th called the tropic of Ch- * 
pncorn, and now the southern pole ‘ 
IS enlightened, and all the circles on 
that hemisphere have theii linger" 
parts in light, and, of course, it is 
summer to those paits^ and wintei to 
us in the northern hemisphere 

Tutor. Chn ^mu, James, now telh 
me why the days lengthen and shorten ’ 
from the equatoi to the polar circles' 
every yeai ? 
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James, I will Irj' to explain my- 
self on the subject. Because the sun 
in jMarch is veitical to the cquatoi, 
and fiom that time to the illst of 
.Tunc it becomes vertical successively 
to all other parts of the earth be- 
tween the eejuator and the tropic of 
Cancer ; and in proportion as it be- 
comes veitical to the moionoilhern 
pails of the earth, it declines fiom 
the southern, and, consequently, to 
the former the days icn^hen, and 
to the latter they shoitcn. From June 
to Sepfemher (he sun is aj^ain vciti 
cal succcssiicly to all the same paits 
of the earth, but in a rc\crse ordci. 

Chai lef>. Since it is sunimci to all 
tliose parts of the enith wheie the 
sun is 1 ertical, and \\ e find that the 
sun IS \ertical twice in the )car to the 
equator, and every pait of the globe 
botw'cen the equator and tropics, 



118 Astronomv 

iheie must be also turn summers in a 
ycai to all those places 

Tutor. Theie ate, and in those 
parts near the equator they have 
two hai vests every yeat — But let 
your biother finish Ins dcscuptioh 
James From September to Dc- 
cembei, it is successively vertical to 
all the parts of the earth situated be- 
tween the equator and the tiopic of 
Capricorn, which is also the cause 
of the lengthening of the days 
in the southern hemisphere, and of 
their becoming shortei in the 
noi them. 

Tutor. Can you, Charles, tell me 
why there is sometimes ilo day or 
night for some little tiine together 
within the jiolar circles? 

Charles. The sun always shines 
upon the earth 90 degrees every 
way, and when he is vertical to the 
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Iropic of Cancer, wliicli is 23^^ de- 
grees north of the equator, he must 
sliinc tlie same number of dcgiees 
bejoncl the pole, or to the j)olai 
ciiclc, and ulule he thus shinCi 
there can he no night to tho jieople 
within tlial polar ciicle, and, of 
coinse, to the inhabitants at the 
southern polar ciicIc thcie can he 
no dn\s at the same time, for ns the 
sun’s ravsrr-ach Imi 90 degiees e\cry 
u ay they cannot shine far enough to 
reach them* 

Tutor. Tell me, now, why tlieie is 
hul one da}’ and night in the whole 
year at the poles ? 

Chai Ics. Tor the i enson w Inch I 
ha\c just given, the sun must shine 
be}ond the north pole nil the time 
he K vertical to those parts of the 
caith situated between the cqvmtoi 
and the tropic of Cancel, that is, 
fiom ^faich the 2Ist to September 
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the 20th, during whicli time there' 
can be no night at the north pole, 
nor any day at tlie south pole. ' The 
reverse of this may he applied to tlie 
southern pole. 

James I undci stand now, tliat 
the lengthening and shortening of 
tlie days, and different seasons, are 
piodnced by the annual motion of 
the eaith round tlie sun; the a'vis of 
the earth, in all paits of its orbit, 
being kept paiallcl to itself 

Tutor. Yes, you appear to see the 
leason veiy distinctly, why the dais 
lengthen and shorten from the equa- 
toi to the polar circles every } eai — ‘ 
why there is some times no day or 
night for some time together ivithin 
the polar ciicles — ^wdiy theie is but 
one day and one night in tlie w hole 
year at the poles — and why the days, 
and nights ai e equally long all the 
year lound at the equator 
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Charles. But if llie a\is of tlie 
earth is thus parallel to itself, how-- 
can it in all positions point to the pole- 
star in the licaicns ? 

Tutor. Because the diameter of 
the enrth'h orbit a cj‘s ns nothing in 
comparison n ith tlio distance of tlie 
oailh from tlie fixed stars. Suppose 
)ou draw two paiallel lines, at the 
distance of three or foin yards fiom 
one anotlicr, will they not both point 
to the moon -wdicn she is in the 
horizon ^ 

James ' Thiec oi four vauls can- 
not he accounted as any thing, in 
compari'^Qn of C40 thousand miles, the 
distance of the moon from us. 

Tutor. Perhaps thicc jnuls hem 
a much greater proportion to 240 
thousand miles, than 1 90 millions of 
miles .hear to om distance from the 
polar star, 

VOI.. II, 31 
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CONVERSATION XII. 


Of the Equatio ?2 of Time 

TUTOR. You are now, I pre- 
sume, acquainted with the motions 
peculiar to this glohe on which we 
live^ 

Charles Yes it lias first a rota- 
tion on its axis fioni we^t’ to east 
every 34 houis, by which day and 
night are produced, and also the ap- 
parent diuinal motion of the heavens 
from east to west 

James The other is its annual 
revolution in an orbit lound the sun, 
likewise fiom west to east, at the 
distance of about 95 millions of miles 
from the sun. 
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Ttitor, You understand, also, in 
uhat manner this annual motion of 
tlie earth, combined uith the incli- 
nation of its axi«, is the cause of the 
\ ai iety of se.nsons ^ 

We uili therefore proceed to inves- 
tigate anotliei curious subject, >viz 
the equation of time, and to explain 
to you the difierence between crjildi 
or mean, and apparent time 

Charles. Will you tell ns what you 
mean by the words equal and oppa- 
r cut, os applied to time ? 

Tutor. Equal or mean time is 

* Tiie mchnntion of an asis or orbit is 
mereb relativu, bctau':c nc compare it with 
■lome other avis or orbit v.Iiich is supposed to 
have no mciinauon Tims the lionVon at 
London, or at any other place a here ne live, 
being lc\el tons -»\e regard it as having no 
inchnntJon , but if 110 set out and tra\cl 90 
degrees from that place, our hori/on then w ill 
be perpendicular to the honzon of London. 

.'ll 2 
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measured by a clock, that is supposed 
to go Avithout any vanation, and to 
measure exactly 24 houis from noon 
to noon And apparent time is mea- 
suied by the appaient motion of the 
sun in the heaiens, or by a good sun- 
dial. 

Chai ks And ivhat do } ou mean, 
fall, by the equation of time ^ 

'Tutor. It is the adjustment .of 
the diffeience of time, as sliown by 
a well-regulated clock and a tiue 
sun-dinl. 

James Upon what does tins dif- 
feience depend^ 

Tutor It depends,^7’5;, upon the 
inclination of the earth’s axis,. and, 
secondly, upon the elliptic foim of the 
eai til’s 01 bit 'foi, as we have aheady 
seen the eaith’s oibit being an ellipse, 
Its motion IS quicker when it is in 
perihelioni u 01 neaiest to the sun. 
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and slon er "ndien it is in aphehoiii or 
farthest from the sun. 

Chalks But I do not yet com- 
prehend ’n hat the rotation of the earth 
has to do with tlie going of a clock or 
n atch 

Tutor. The rotation of the earth 
IS the most equable and unifoim 
motion in natuie. and is completed in 
523 hours, 56 minutes, and 4 seconds ; 
this space of time is called a side) cal 
day, because any meiidian on the 
cai th V. ill revolve from a fixed star to 
that star again in tins time. * But a 
solai or natinalday, which oui clocks 
aie intended to measuie, is the time 
which an)* meudian on the earth wull 
take in reiolving fiom the sun to the 
sun again, w hidi is about 24 hours, 
sometimes a httle moic, but oftenei 
less 

James. What occasions this dif- 
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feience between the solar and sidereal 
day" 

Tutoi The distance of the fixed 
stais IS so gieat, that the diameter of 
the eaith’s oibit, though 190 millions 
of milesj when compaied nith it, is 
but a point, and theiefoie any meii-' 
dian on the earth will icvolre from a 
fixed star to that star again in exactly 
the same time, as if the eaith had 
onlyadiuinal motion, and remained 
aluatsin the same part of its oi bit 
But with lespect to the sun, as the 
eaitli advances almost a degree east- 
ward in Its oibit, in the same time 
that It tmns eastwaid round, its axis 
it must make more than a complete 
lotation hcfoie it can come into the 
same position' with the sun that it 
had the day hefoie In the same 
way, as when lioth the hands of a 
watch or tiock set ofi together at- 
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l\’ichc o’clock, the minute-hand must 
traiel more tlinn a nhole cncle before 
it will oveilake the Iiom-lmnd. that 
IS, hcfoie they nill be in the same 
relali\c po^sition again Thus the 
sidereal da)s aie shoiter than the 
solar ones b}* about four minutes, as 
is evident from obscivation : — 

tVetch ■n’llh nice eje the earlli’5 diurnal na}', 
''iI''Tking her <o/nr anil sidereal day , 

Her c’on rutation, and Iiir var}jn" clitne. 

And trace with mimic .irtthc march of time 
BoTAKJCAI. GAniJEN. 

CiunJes Still I do not midei stand 
the icnson nhy the clocks and dials 
do not ngicc. 

Tutor. A good clock is intended 
to measure that equable and uniform 
time nhich the rotation of the cailh 
on its axis exhibits; whereas the dial 
mcr-suics tune by the apparent mo- 
tion of the sun, v. Inch as we have 
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explained, is subject tb vaiiation Or 
thus though the eartli’s motion on 
its axis be peifectly uniform, and 
consequently tlie rotation of the 'equa- 
tor, the plane of which is peipendi- 
cular to tlie ' axis, or of any othei 
ciicle paiallel to it be likewise equa- 
ble, yet we measure the length of 
the natuial day by means of ’the sun, 
w'hose apparent annual motion is not 
in the equatoi, or any of its paiallels, 
blit m the edilitib, ivhicli is oblique 
to it 

Jamei Do you mean by this, that 
the equator of flie eaitli, in its annOal 
jouiney, is not ahvays diiected towaids 
the'^ centie of the sun ^ ' 

Ti/foj I do- twdee only m the 
yeai, a line drawn from the centre 
of the sun to that Of the earth passes 
through those points ivhere the equa- 
toi and ecliptic cioss one another. 
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at all othei times, it passes through 
some othei pail of that oblique chcle, 
'which is icprcscnted on the globe by 
the ecliptic line. Now -w hen it passes 
through tlie equator oj the tiopics, 
nluch aie cuclcs paiallcl to the eqiia* 
tor, the sun and clocks go together, 
as far as icgards this cause, but at 
othei tunes they diflTei, because cgual 
poitious of the ecliptic pass ovei the 
menchan in unequal paits of time on 
arrmmt of its obliquity. 

Chmics. Can }ou explain this by 
a hgurc ? 

Tiit07\ It i*? easily show n by the 
globe, whicli this figuic X ih s 
(Plato ir. Fig 10) may represent, 
T — w dl he the cqualoi ,"^£5:^1: the 
noithcin half of the ecliptic, and 7" 
VJ the 50111110111 half, brake chalk 
or percil maiks a, h, c, d, c, /" g, h, 
all lonnd the cqualo) and cclipiic, at 
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e'qual distances (suppose 20 degrees) 
from each other, beginning at Aries. 
No\y by tulning the globe on its axis, 
you will peiceive that all the marks in 
the first quadrant of the ecliptic, that 
IS, fiom Aiies to Cancel, come sooner 
to the brazen meridian than their 
corresponding maiks on the equator ; 
— those from the beginning of Cancel ■ 
to Libra come later — those from 
Libra to Capricorn sooner — and 
those fi om Capncoi n to Aries latei > 
Now time as measuied by the sun- 
dial is lepiesented by the marks on 
the ecliptic , that measuied by a good 
clock, by those on the equatoi 

Charles Then while the sun is 
in the fiist and thud quaiters, or, 
what IS the same thing, while the 
eaitli is travelling thiough the se- 
cond and fourth qviaiteis, that is, 

' Cancel to Libia, and ffom Ca- 
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piicom to Aiics, tlie sun is faster 
than the clocks, and v. hile it is tra- 
velling the other ti,^o quaiteis it is 
slow cr. 

Tutor. Just so: because, wlnle 
tlie eaith is tiayelling through tlie 
second and fourth quadiaiits, equal 
poitions of the ecliptic conic sooner 
to the meridian than their cone- 
spending parts of the equator, and 
during its journey thiough tiie fiist 
and third quadrants, the equal parts 
of the ecliptic airive later at the 
meiidian than then coi responding 
pai ts of the equatoi 
James. If I understand a\ hat you 
have been saying, the dial and clocks 
onglit to agree at the equinoxes, that 
IS, on the 20th of I>iaich, and the 
23d of Scptembci, but if I lefer to 
the Epiienieris, I find that on the 
foimcr day (1822) the clock is almost 
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8 minutes before the sun ; and, on 

* I ^ 

the lattei ,day the clock is almost 8 
minutes behind , the sun. , * ^ 
Tutor. If this difference between 

i ’ 

time measuied by the dial and, clock 
depended only on the inclination, of 
the earth’s axis to the plane of ats 
orbit, the clocks and dial, ought to be 
together at the equinoxes, and also^ 
on the 21st of June and the 21st of 

‘ ' , 1 i 1 1 

December, that is, at the summer and 
winter solstices; because, on those 
days, the apparent revolution of the 
sun is parallel to the equator,, But, I, 
told you theie was another cause why' 
this difference subsisted. > r o' 

Pharles. You did . .and that tvas 

\ f 

the elliptic form of the, earth’s orbit.^ , , 
Tutor If the earth’s * motion ,,in- 
its mbit were unifoim, which, it 
would be the oibit weie circular, j 
then the Avhole diffeience between 
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equal time as shown hy the clock, 
and appai eat time as shown" by the 
sun, would aiise fiom the inclination 
of *the earth’s axis. But this is not 
the case, for the caith tiavels, when 
it is nearest tlie sun, that is, in the 
winter, nioie than a degree in 2t 
hours, and w hen ' it is fai thest fi om 
the sun,' that is, in sunimer, less than 
a degree in the same time* conse- 
quently fiom this cause the natural 
day w ould be of the greatest length 
when the caitii was nearest the sun, 
for it must continue tinning the 
longest time aftei an entne lotation, 
in Older to biing the meridian of 
any jilace to the sun again and the 
shoitcst day would be when the earth 
mo\es the slowest in her oibit. Now^ 
these inequalities, combined wntli 
tliosc arising fiom the inclination of 
the earth’s axis make up that difter- 
VOZ Ih K 
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ence which is shown by the equation 
table, found in the Epliemeris, be- 
tween good clocks and true sun-dials 
There is another cause arising from 
what astronomeis call the equation of 
precession in riglit ascension , but its 
effects aie very small, and the expli- 
cation IS too intricate to be introduced 
now. 
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CONVERSATION XIII. 


Of Leap-Year^ and the Old and 
New Sfples. ' 

t i " J 

JAMES. Befoie we quit the sub- 
ject of time, will you give us some 
account of what is called in our 
Almanacs Leap-year ? 

Tutor I will The lengtli of our 
year is, as you know, measuied by 
the time whicli the eaith takes in 
perfoimiug her journey lound the 
sun, in the samb mannei ' as the 
length of the da}*^ is measured by its 
rotation on its axis Now, to com- 
pute the exact time taken by the 
caith in its annual jouiney, was a 
woik of considerable difficulty ^ Julius 
N 2 
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Ccesar was the first person who seems 
to have attained to any accuracy on 
this subject. 

Charles Do you mean the fiist ' 
Roman empei or, who landed also^ m 
Gieat Butain ^ ' 

Tuioi. I do. He was not less 
celebrated as a man of science, than 
he was lenouned as a geneial: of 
him It was said, 

Amulst die hurry of tumultuous v.w. 

The stars, the gods, the Ijcavcns were still liis 
care, 

Nor did'his skill to fix the rolling tear 
Inferior to Euooxus’ art appear 

Juhus Cresai, who was well acquainted 
with the learning of tlie Egyptians, 
assumed the length of the year to be 
365 days and 6 hours, which made'it 
6 liouis longer than the l^g^vjitian 
year. Now, in older to allow ior the 
odd 6 houis in each year, he intio- 
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’duced iin additional clay e\dry foiiith 
jeni, nJiich accoidingly consists of 
3C6 days, and is called Zetf/;-Ycar, 
ivhile the other three have only 365 
days each From him it was denomi- 
nated the Julian yeai . 

James It is also called Bissextile 
in tlie Almanacs, what does that 
mean ^ 

Tatar The Romans inscitcd the 
intercalary day between the 23d and 
24tll of Fcbuiaty and because the 
23d of Februaiy, in their calendar, 
was called sexto caleiidas Mai tii, the 
6th of the calends of lilarch, the in- 
tercalated day was called his sexto 
cnlcndas Mai lit, the second si\th of 
the calends of Srarch, and hence the 
yeai of intercalation had the appella- 
tion nZ Bissextile TJiis day nas 
chosen at Rome, on account of the 
expulsion ol Tarquin fiom the throne, 
N 3 
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which happened on" the 23d of Fe- 
bruary. We intioduce^ in (Leap-Year, 
a new day m the same month, namely, 

the 29th. 

Charles Is theie any rule "'for 
knowing what j^ear is -Leap-Year ^ 

Tutor It is known* by dividing' 
the date of tlie )"eai* by 4-, if there be 
no remainder, it is Leap-Year ; thus 
1823 divided by 4, leaves a lemainder 
of 3, showing that it is the thud year 
after Leap-Yeai These two lines* 
contain the 1 ule . — ^ 

i 

/Divide by 4-, what’s left, shall be 

/ For Leap-Year 0 , for past 1, 3 

' ’ ^ , 1 

James The yeai, howevei, does 
not consist of 365 days and 6 hoursj 
but of 365 days, 5 hours, 48 minutes, 
and 49 seconds.'^ Will not this occa- 
" Sion some err 01 ^ 


^ See Conversation IX. 
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, iTutor. ^It5Yill:.and,bysubtraGtrog 
the i latter number/ ‘from the.formei, 
youj^w ill find^ that^. the>, error, amounts 
to 11 minutes and 11 seconds jeyery 
y^r. Or* to a whole day in abqut’lSO » 
years ii..notwithstanding this, the Ju- 
lian year continued to be in general 
use tilh tlie year 1582^, wlien Pope 
Gregory, XIII ^undertook to., rectify 
the» eiTOi'i .whichi at that ^t^me ^a-{ 
mounted to. .ten <days. He accord- 
ingly commanded the.'teUf.days .be- 
tween the 4th and 15th of October in 
that year Jo, be . suppressed, so that the 
5th day of that month was called^ the 
I5th. This alteration took place 
through Hhe Renter part of Europe, 
add llhet year was nft^rwards called^ 


was pot admitted into our calendars 





onins', arcordine: to the New 'Style, 
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until the year 1752, when the eiror 
amoiinied to near!}' 11 days, wliicli 
WGie taken from the montli of, Sep- 
tcmheij by calling the 5d of that 
montli the 14th. 

r 

GJi rifled. By uliat means will this 
accuracy he maintaineil 

Tlitdr The eiTor amounting to one 
whole day in about ISO years, it is 
settled by an act of pailinmcnt, that 
the }ear 1800 and the j'car 1900, 
which arc, according to the i ulc jufel 
given, Leap-Years, shall be tomputfed 
as common yCarsi having only 365 
days in each . and that evCr} four' 
hundredth year afteiWaids shall be a 
common }car also. ^ If this motliod 
be adhered to, the piescnt mode of 
veckoning will not Vary a single day 
fiom true time, in less than 5000 
years. 

By the same act of pailiamCnt, the 
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legal beginning of the year was 
changed from the 25th of h’larch to 
the 1st of Jamiarv. So that the sue- 

^ f 

ceeding months of January, Febru- 
ar)’-, and March, up to the Slth day, 
winch u ould, by the Old Style, Imve 
been leckoned pait of the year 1752, 
weie accounted as the first three 
months of the year 1753. Hence 
we sometimes see such a date as this, 
Feb. 10. ^1774-5, that is,' according 
to' the Old Style it was 1774, but ac- 
cording to the New it is 1775, be- 
cause now the year begins in January 
instead of hlarch. 

The Old Style still prevails in 
Kussia: but in eiery other part of 
Em ope it is now abolished. 
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^COKVERSATION XIV. 


Of the Moon. 

TUTOR Ydu nre now, gentlc- 
iiien^ acquainted with the reasons 
for ihc division of time into days and 
years. 

CJini'hs. These divisions liaVe 
their foundation in natlne, ‘the jTor- 
men depending' upon the rotation 'of 
the eartli on its axis 5 tlie lattef \ipon 
its revolution in an elliptic orbit 
about the sun Us a centre of motion. 

James Is there any natural rea- 
son for the division of 3 ears into 
■weeks, or of days into houis, minutes, 
and seconds ^ 
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Tutor/ The first of these 
sions 'was introduced by Divine au- 
thority; the second class was in- 
vented for the convenience of man- 
kind., There is, however, another 
division of time marked out by na- 
ture. 

Charles. What is that, sir ? 

Tutor. The length of the month : 
not indeed 'that month which consists 
of four weeks, nor that by which 
the year is divided into 12 parts. 
Thfese are both arbitral y. But by a 
month was onginally meant the time 
which the moon takes in performing 
her journey round the eauli 




Then mark’d astronomers with keener eyes 
iThe moon’s refulgent journey through the 
skies Daiutiit 


^ James. How many days does the 
moon take for this purpose ? 
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Tutor, ■ If 3 *ou icfer to tbe ilmc in 
w'lnch the moon revolves from oiTo 
point of the heavens to the same point 
again, it consists of 27 <lnvs. 7 honi'^, 
and 43 mituiles ; this is called the 
periodical month ■ hut if you infer to 
llie time passed from new moon to 
new moon again, the month consists 
of 29 days. 12 hours, and 41 mi- 
nutes ; this is called the xi/uodical' 
month. 

Charks Ihay explain the icnson 
of tins difleicncc. 

Tutor. It is occasioned hy the 
earth’s annual motion in its orliil. 
Let us re.^Lu to our alch as an ex- 
ample Tiie tu .0 Iiands are together 
at 12 o'clock; now, nhen the mi- 
mitc-lmnd has made a complete levo- 
lution, aic tliev logctlier again ^ 

James. iVo ; fot the horn hand 
IS adianred the tuelfih part of its 
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revolution, wlncli, in order that the 
other may oveitake, it must travel 
five minutes more than the hour. ^ 

, - Tiito) . And something more, foi 
the hour-hand does not wait, at tlie 
figure I, till the other comes up : and 
therefore they wull not be togetiier 
till between 5 and 6 minutes after 
one. 

Now apply this to the earth and 
moon, suppose (Plate iii, Pig. 11) s 
to be the sun ; t the caith, in a. part 
of its 01 bit Q li ; and i: to be the po- 
sition of the moon . if the eai Ih had 
no motion, the moon would mo\c 
lound its orbit E Ti c into the pobilion 
r. again, in 27 da^s, 7 houis 4>3 
minutes, but while the moon is de- 
scribing her journe}*, the eaith iias 
passed througli .nearly a twelfth pait 
of, its .orbit, w'hich the moon must 
aho' desciihe hefoie the two bodies 

YOI., II o 
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come again into the same position 
that they before held with lespect'to 
the son ‘this takes up so much more 
time as to make her synodical month 
equal to 39 days, 12 hours, and '44 
minutes* hence the foundation of -the 
division of time into months 

We will now pioceed to describe 
some other paiticulars i elating to the 
moon, as a body depending^ like the 
eaith, on the sun for her light and 
heat 

Charles Does the moon shine 
with a borrowed light only ? - ' ' 

Tutor. This is ceitain ; for other- 
wise, if, like the sun, she weie a lu- 
minous body, she would always -shine 
with a full 01 b as the sun does* — 

\ /■ I 

——Less bright the moon, , 

But opposite in levell’d west was set. 

His miiror, with full face hoii owing her light 
Bi ora hira, for other light she needed nolle. 
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Her tUnnioter is 'nearly 2200 miles in 
JeD|rtln 

Jmnes^, And I remember she is nt 
the distance of 2f0,000 miles from 
tJjc cm ih. 

Tu'ov. The snn s (Plate nr, 
rirt. 11) elvr.ays cnlipfhtchs one half 
of the moon 3% and its v/Jiole rn- 
Ht^htened Iiemisphere. or a part of it, 
or none at nil, is seen fiy us accoiding 
(o her difTercnt positions in (fic oihit 
null rccpcct to the earth: for only 
thoho pails of tiic enlightened Imlf of 
the moon are \i«;ible at T nbich me 
eut otriiy, and me tvUfim the oibit. 

Jemes. Then when the moon is nl 
r, no part of its enlightened side is 
\irfl5le to the earth, 

Jhior. Yon arc nght ; it is then 
ncu'' moon, or charge ; for it is usual 
to call It new moon the first day it is 
^Hblc to the earth, ivliicli is^ not till 
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the second day after ' tlie change 
And the moon being in a line be- 
tween the sun and eaith, they aie 
said to be in conjunction 

Charles And at a all the illumi- 
nated hemispheie is tuined to ,the 
earth 

Tutor. This is called full moon ; 
and the earth being between the sun 
and moon, they are said to be m op- 
position Tlie enlightened paits of 
the little figures on the outside of the 
Dibit, lepresent the appearance of tlie 
moon as seen by a spectator on the 
earth 

James Is the little figuie then 
opposite n wholly dailc to show that 
the moon is invisible at change ^ 
Tutor. It IS . and when it is at F 
a small part of, the illuminated hemi- 
bpheie is within the moon’s oibit, and 
theiefoie to a'spectatoi on the earth* 
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it nppenrs homed : ot g one lialf of 
- llie ciilrTlitcjicd Iiemi’^jiheic nsi- 
bkj and it slid to be in gumh'aiiti c : 
at 21 tlirce-fourths of the enlightened 
is \*isjhle to the cfirlb, and it is 
then Slid to be gibboiiS: and at a the 
^^hole enligldcncd face of the moon 
i*: turned to the earth, and it i*. said 
to be fii/L Tlie same may be said 
of tbr rest. 

The horns of the moon, hcfoie con- 
junctmn oi ncir moon, me tinned to 
the e^s( after eon|unctif>n tiicy are 
turned to tlio :< M/. IIov bcanlifully 
i> the moon described b\ i^Tilton:—* 

TtU *ho eiDor, ^ 

Ihsiag ii\ cltn'^tTfl .M liingdi, 

App'^rem fjuctn, unvrird I'ur pCLrii'-. hght, 
AndVmhc u^rk hersiihc" auintlc ib’-cw, 

_ . i ' .»pok n itac 6C'i. 

' Chnrk'i I the ^i|fu^(^i^ in- 
tended to sliov, that the moon% mbit 
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IS dliptical • does she also turn upon 
hei axis ^ 

TuioJ\> She does: and she requires 
the same time for her diurnal rotation, 
as she takes in completing her revo- 
lution about the earth; and' conse- 
quently, though 'ev^ery qiart of the 
moon is successhely presented to the 
sun, yet the same hemisphere is ‘al- 
ways tumed to the- earth Tins is 
known by observation with good te- 
lescopes 

' Ja77ies Then the length of a day 
and night in the moon is equal to 
moie,than 29 days and a half of ours. 

Tutor. It is so* and theiefore, as 
the length of her yeai, which is mea- 
suied by hei journey round the sun, 
IS equal to that of ours, she can hav e 
hut about tuelre daj^s and one thud 
in a year Another remaikahle cu- 
cvunstdhce relating to the moon is. 
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Ibnt the hcmisphcrc iie\t the cnith i!> 
never in dnrkncs?, foi in the position 
i:, ivlien it is turned Horn the sun, it 

is iUaininated In Kjrht a’fiected fiom 

•> 1 

the emth, in the same manner ns no 
ere cnhi^iitcned hv n full moon. But 
the other hemisphere of the moon has 
a forlniirhtV hehl anti darkness In' 
tmij''. 

C7m ks. Can the cailh. then, he 
considered as a satelUlc to the moon ’ 

Tu!OJ\ It would, |)eihnp«, he in- 
ncriiratt to denominrtc the kigcn 
hodv n satellite to the smaller: but. 
with regard to anouhng- I'encrtcd 
light, the earth is to the moon, what 
the mom U to tiie c.nsllv, and <=11511001 
in the ^nme ch'>np:e'? of hoiiud, gih- 
fall, kc, 

Clm/c^. But it must appear much 
laicti than th^' moon. 

7i(/r>i\ "J'jic eailh will appeal, to 
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the inhabitants of the mooir, about 
13'times as laige as the moon appeals 
to us. ’ When it is nexo moon to uS,' if 

* \ J 

IS full earth to them, and the leverse. 

James. ' Is the ’moon then inha- 
bited aS well as the eaith^ j ' . 

' Tutor. ^ Though ive ca!nnot demdn- 
stratd ‘this fact, yet theie aie many" 
leasons to induce us to believe it '; for 
the moon is‘ a ‘secondary planet' of 
coiisiderable size; — its suiface is di-* 
vei sifted like that' of the earth with 
mountains and valleys ; — ^the former 
have been'measmed by Dr Herschel, 
and 'some of them found to be abont^ 
a mile in' height, ^he" Situation of 
the' moon, with respect to the sun^ is'" 
much like that of the earth, and by 
lotation oh her axis, and a small in- 
clination on that axis to the plane of 
her' orbit; slie enjoys, though' hot a 
considerable, yet an agreeable vaiiety 
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of day and night and of seasons. To 
the moon, our globe appears a capital 
satellite, undergoing the same changes 
of illumination as the moon does to 
the earth. The sun and stars rise and 
set theie as they do here, and heavy 
bodies null fall on the moon as they 
do on the eaith Hence we are led 
to conclude that, like the earth, the 
moon also is inhabited. Dr. Herschel 
discovered some years ago three vol- 
canoes, all burning m the moon ; 
two of them appeared to him neaily 
extinct, but the thud showed an ac- 
tual eruption of fire or luminous mat- 
ter. He thought the ei option le- 
sembled a small piece of buinmg 
charcoal when it is covered by a thin 
coat of white ashes, which fiequently 
adhere to it, w hen it lias been ignited 
some time. But no laige seas or 
tracts of water have been observed m 
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the moon, nor is the existence of a 
lunar atmosjihere certain. Theie- 
fore, her inhabitants must mutenally 
differ from those avIio live upon the 
earth. 
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DONVERSATIOlT'-W 


Of Eclipses. 

• '•v ' 

- CHARLES. Will yoii» sir, ex=. 
plain- to us the t nature and causes of 
eclipses ? . ' * ' ’ 

TutovM 'I will, with great pleasure. 
You niust ohserve, then, that eclipses 
depend. upon this simple pnnciple, 
that ,all opaque or dark/ bodies, when 
exposed to any light,' and therefore 
to the light of the sun, cast a shadow 
hehind.jthem in ah opposite direction/' 
Jfl»2‘es.“rTh6 earth being a'liody 
of- this hind, .must cast a very large 
shadow 'on -its side which- is opposite 
td.~,the sunv 
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'Tutor It does and an eclipse of 
the moon happens when the earth T 
(Plate lir, Pig. 13) passes between 
the sun s and the nioon ir, and it is 
occasioned by the eaith’s shadoiv be- 
ing cast on the moon ' ^ . 

Charles. When does this happen ^ 
Tutor It IS ‘only when the moon 
is full, 01 ' in opposition, that It comes 
ivitlun the shadow of the earth. ‘ - 
James Eclipses of the moon, liow- 
evei, do not happen eveiytimeUis 
full what is the reason of this ^ 
Tutor.' Because the orbit of the 
moon does not coincide with the 
plane of the earth’s orbit, but one 
half of it is elevated r about five de- 
giees and a third above' it, and the 
other half is as much below it ‘ and 
therefote, unless 4he full moon hap- 
pen in or near one of the nodes, that 
IS, in or near the points in which tiie 
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iVb'^orbitsriiitersectji'.eacli other, ghe 
^ill^passiaboveyOTsbelow the, shado\v, 
of 'Ihej^th, in^which ease there can 
he ho eclipse. j^v' ^ 

'-^'ChaNe^i What'., is -the, , greatest 
distance from the node^j'atrWhidi an 

I .. 

eclipse of the moon canvhappen ?j 

'There • can ,be'} no , eclipse, 
if the- BTOon, ,at the time .wlien she 
is full, hfe-OTorei than, -degrees fipra 
the rhodeji when she is ndthin that 
distance,' there wiUj<he 41. partial^ or 
total bclibsh,' according^ as part,* or 
tlie whdle f disk C, or, face ,of the >, moon 
falls fwdthinbthe .earth’s shadow. .If 
the fidipso'Ihappen ? exactly ^hei) ,the 
■asfoonms ilhlh-'in the mode, it is called 
'nJtrehtraHclipse?- 'y *• 

Suppose- the duration jof 
■'thd s^lipsChiasts* " all ^the ' time- .that 
^tHb „inbon ' iSj- '|)assing -through j^,the 
vsliadorfvi 
voii, n. 


p 



158 ASTftoNosiy. 

' Tutor It does * ^nd yoa observe 
that the shadow is consideiably wider 
than the moon’s diameter, and there- 
foie an eclipse of the moon lasts 
Sometimes tliiee or foui honis The 
shadow also you peiceive is of a coni- 
cal shape/ and consequently, as the 
moon’s 01 bit is an ellipse and not a 
circle, the moon will, at '^ifTeient 
times, be eclipsed Vk hen slic is at dif- 
fei ent distances from the earth 

> Cha) And according as the 
moon IS neaier to, oi farthei fioni the 
eaith, the eclipse will Le of a greater 
01 lessduiacion foi the shadow being 
conical becomes less and less, ns the 
distance 'fiom the body by wdiicli it 
is cast is gieatei 

Tutor. Tt IS b}' knowing exactly 
at w'-hat distance the moon is fiom 
the eaith, and of couise the v/idth 
of the earth’s shadow at that dis- 
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tance, that all eclipses are calculated 
with considerable accinacy, for many 
years before they happen Now it is 
found, that, in all eclipses, the shadow 
of the earth is conical, wdiich is a 
dernonstiation, that the body by wliicli 
it IS pi ejected is of a sphencal form, 
for no other soit of figure v/ould, in 
ail posUions, cast a conical shadow. 
This is mentioned as another pioof, 
that the earth is a spherical body. , 
James It seems to me to prme 
another thing, X'lz tliat the sun must 
be a larger bodv’ than the, earth. 

''Tuioi Your conclusion is just, 
for if the two bodies were equal to 
one another (Plate iii. Fig 13) the 
shadow would be cylindrical • and 
if the eaith uore the larger body 
(Pate III. Fig. 14;), its shadow would 
be of the figuie of a cone, which had 
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lost its vertex, and the farther it ivere 
extended the laiger it would become. 
In eithei case the shadow would run 
out to an infinite space, and accord-^ 
inglv must sometimes involve in it 
the other planets, and eclipse them, 
which IS contrai}’’ to fact Therefoie, 
sincc'the earth is neither laiger than, 
noi equal to the sun, it must be the 
lessei body. W e will now proceed to 
the eclipses of the sun. 

Chalks. How aic these occa- 
sioned ^ 

1 

^ Tutor. An eclipse of the sun hap- 
pens when the moon M, passing 
between the sun s and the earth T 
(Plate ITI, Fig 1.5), intercepts the 
sun’s light, and hinders it fiom com- 
ing to the earth. 

James. The sun tlien can be 
eclipsed only at the new moon ^ 
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Tilth)'. 'Certainly, foi it is only 
when the moon is in conjunction that 
it can pass directly between the sun 
and eaith 

Charles It is only when the moon 
at hei conjunction is near one of its 
nodesj that theie can be an eclipse of 
the sun ^ ^ . 

Tutor An eclipse "of the'sun de- 
pends upon this circumstance • for 
unless the moon is ih, oi near^one of 
its' nodes, she cannot appear in the 
same place vdth the sun, or seeth to 
pass over lus disk. In every other 
part of the orbit, she will appear 
above oi belo w’ the sun*. Tf the moon 
be in one of the' nodes, she will, in 
most cases, cover the ’ll hole disk of 
the sun, and produce 'a total eclipse ; 
if she be any wheie within about 16 
degrees of a node, a pattiah eclipse 
will be produced 

p 3 
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sThc sun’s diametei is supposed' to 
be divided into 12 equal paits, called 
digits, and, in v.every> partial eclipse, 
as many of these paits of the, sun's; 
diameter as the moon covers, so many 
digits are said to be echpsed ■ ' 
r James I have heard of annular- 
eclipses, what are -they, sir'^' - - ’ 

t Tutor, - When a ring • nf light 
appears round the edge of the .moon 
duiing an eclipse of t|ie sun, it 'is 
said 'to be annulai, from the, Latin 
word annulus a ring this kind lof 
eclipse is occasioned by the moon 'be- 
ing at her gieatest ^distance fiom. the 
eaith at the time of an eclipse, her 
cause, in that situation, the.veitex^ 
01 "tip of , .the cone of the moon’s 
shadow, does not reach the suiface/ of 
the earth. 

^,‘Charles. 'Howdongcan an eclipse 
of the sun last ? 
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V Tutor A ' total eclipse of the sun 
IS veiy c’urioQs and uncommon 
spectacle and total darkness cannot 
last more than three or four minutes. 
Of one that was obseived in Poitugal, 
160 yeais ago, it is' said that the 
darkness was greater than that of the 
night; — thatstais of the first magrii-' 
tudeimade their appearance ; and that 
the birds were so tei rifled that they 
fell to the ground. ’ ' < 

’ James, Was this visible only at 
Portugal? ' ' < ‘ - 

Tutor, It must have been seen ‘ai 
othei . 'places, though 'we have no ac- 
count ' of it. ' The moon, ’ however, 
being a body much smaller than the 
earth, and having also a ' conical’ sha- 
dow, can with that shadow only covei 
a small part of the earth ; whei eas an 
eclipse of the moon may be seen by 
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all those that arc on that heimspheie 
which ' IS ' turned to^’^a^ ds ' it (See 
Plate III, Fig. 15 and 12 ) \ . 

You "nnll also' obseire, that an 
eclipse of the sun ma)'' be 'to 
the inhabitants near the middle of 
the eai til’s disk, and ajimdar to tliose 
in places near the edges of the disk , 
for in the former case the moon’s 
shadow will reacli the earth, and m 
the latter, on account of the earth’s 
sphencity, it will not 

Charles Have not eclipses been 
esteemed as omens presaging some 
direful calamity ^ 

Tutor Till the causes of these 
appearances weie discovered, they 
were geneially beheld with terror by 
the inhabitants of the world, which 
fact IS beautifully alluded to by Mil- 
ton in the fiist book of Paradise Lost, 
line 594) —» 
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As when tlie sun, new nsen^ 

Looks tlirougli the horizontal mist}* air 
Shorn of his beams, or from behind the moon, 
In dim eclipse, disastrous twilight sheds 
On half the nations, and with fear of change 
Perplexes monarchs 
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CONVERSATION XVI 


Of the Tides 

TUTOR We will proceed to the 
consideration of the Tides, or the 
flowing and elihing of the ocean 

James Is this subject connected 
with astronomy r 

Tutor. It IS, inasmuch as the tides 
are occasioned by the atti action of 
the sun and jnoon upon the wateis, 
but ^more paiticulaily by that of the 
latter. You will readily conceive 
that the tides aie dependent upon 
some known aod detei inmate laws, 
because, if you turn to White’s 
Ephemens, you will see that the 
exact time of high water at London 
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Bridge on the mormng and afternoon 
of eveiy day in the 5 ear is set down. 

^Chailes. I have fiequently won- 
dered how this could be known with 
such a degiee of accuiac}" but I am 
told theie is hardly a waterman, that 
plies at the staiis, but can leadil}’^ tell 
when it Will be high watei ' 

Tutor The genei ality of the water- 
men are piobably as ignorant as 
3'ouiself of the cause by which the 
waters flow and ebb, but by expe- 
iience they know that the time of 
high v’-atei difleis on each day about 
three qua»'tel’s of an lioui, 01 a little 
moie or less, and theiefoie, if it be 
high V ater to-day at six o'clock, they 
will, at a gue-^s, tell you, that to- 
morrow the tide will not be up till a 
quarter before seven 

James, Will } ou explain the 
causes ^ 
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' Tutor. I wll endeavour- to do this 
in an easy and concise manner, with- 
out fatiguing 3 ’’our memoiy'wi% a 
great vanety of particulars — : , 

The ebhs of tides, and their mj-sterious'flow', 
,We, as art’s elements, shall understand 

Drydek 

You must bear in your mind then, 
that the tides aie occasioned, by the 
attraction ' of the sun and moon upon 
the waters of the earth . perhaps a 
diagram may be of some assistance to 
you. Let a jl (Plate ur, Fig^ 16) 
. be supposed the<eaith, c,its centre; 
let the dotted Circle lepiesent a mass 
of water covering the earth let M 
be the; moon in its 'oi bit, and s the 
sun. 

Since the force of gravity or. at- 
traction diminishes as the squaies of 
the distances increase ‘ , the waters 
See Vol 1 p 55.- ‘ ^ 
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-on tlie side a aie moie attiacted by 
the 'moon M, -than the central parts 
at c ; and the central parts are more 
attracted than the waters at L ; con- 
sequently the waters at L wiE recede 
irom the centre, therefore, whrle the 
moon is in the srtuatron sr, the waters 
^vill rise towards a atrd b on the oppo- 
site sides of the earth. 

Charles. You mean that the waters 
T ill rise at a by the immediate atti ac- 
tion of the moon 3ir, and will r ise at b 
by the’ centre c receding and learing 
them more elevated there. 

Tutor That is the explanation 
It is evident, that, the quantity of^ 
Tvater being’ tire same, a rise cannot 
take place at a and b, without the 
parts at P and X being at the same 
time depressed. 

James. In this situation the water 
VOL. II. Q 
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may be 'considered as assuming a 
spheroidal shape* 

Tutor. If the eaitli and moon 
Aicre without motion, and the eaith 
covered all oier with water, the at- 
traction of the moon would raise it 
up in a heap in that part of the 
ocean to which the moon is veitical, ' 
and there it would always continue ; 
hut, by the lotation of the eaith on 
its axis, each pait of its surface to 
\vhich the moon is veitical is pie- 
sentcd twice a day to the action of 
the moon, and thus aie pioduced two 
floods and two ebbs 

Altercate tides m sacred order run. 

Blackmoiie 

; 

Charles. How twice a day ^ 

Tutor. In the position of the 
eaith and moon as it is in our fiffuie. 
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the raised .at? 5 -^H^y ,,the^ 

direct j^ttraction ,,of^r^eiMnoon>^and 
at tide fSri'CctjrdipglyH^ produced,; \ but» 
ifhen, byithe,^^rth*;^rotatiqpi^A, comes, « 
la^hours^afterwards, intg.the position 
ii,,^angther. t|de»is,occasioned;l)y£ the 
lading- of^dhe -T^aters , there from the 
ceTitre*'^'. <»}?» / * 

^ -JameSf You have told us, that the 
ti,des ,<flr6 produced;in. those-, parts, of 
Uieb earth , to tyhich ,_the ^moonj is , ver- 
tical, .but this effect Js ^notf, confined 
to thoseparts ?, ^ t , ,>,c , 

dMs notitbut there the 
attraction of the moOnJias the greatest 
effect: 'in all other parts her force 
is ..weaker^* because it, acts in a more 
oblique^direction. > . , h 

, Charjcst ^ Are ^ there j two , tides, . in 
^yery^,S4/houi??,, ,* ,r 

Tutor - , Ifjthe.moon were, stationary 

l"* yA >*- _;T<‘ ' 

this would be the cascj but because 
Q S, 
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that body is also proceediog every 
day about 13 degrees fiom west to 
east m her oibitj the earth must make 
more than one revolution on its axis 
before the same meridian is in con- 
junction with the mboHj and hence 
two tides take place in about 24; houis 
and 50 minutes. , 

James But I lemember, when we 
iveie at the sea. that the tides rose 
Inghei at some seasons than at others • 
how do you account for this ^ 

T%itor. The moon goes round the 
earth in an elliptic oibit, and there- 
foie she appioaches nenier to the 
earth in some paits of her oibit than 
in others. When she is neaiest, the 
attraction is the strongest, and con- 
sequently it raises the tides most , and 
when she is faithest fiom the earth, 
her atti action is the least, and the 
tides -the lowest. 
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' James Do they use to difieiciH 
heights in different places ^ ' 

; Tutor. They do • in the Black Sea 
and the Mediterranean the tides arc 
scarcely peiceptible. - At the mouth 
of the Indus the water uses and falls 
full 30 feet.' The tides' are remark- 
ably higli on the coast of Malay, in 
,the Stiaits of Sunda, in the Red Sea,' 
along the coasts of China. .Japan, &c 
In gencial,' tlie tides use highest and 
strongest in 'those places that are nar- 
rowest. " ■ ’ 

-:‘Cliailcs You said the sun’s atti ac- 
tion occasioned tides as 'well as that 
of the moon 

j Tutor. : It does: but, owing to 
the immense distance of the sun fiom 
ilie enth, it produces but a small 
effect in comparison of the moon's 
'attraction. Sir Isaac Newton com- 
puted, that the force of thb moon 



174 


ASTK0X05r\. ' 


raised the waters in’ the gi eat. ocean 
10 feet, whereas that of 'the ’sun’ 
raised it only 2 feet. When both 
the attiaction of the sun and ’moon 
act in the same diiection, that is, mt. 
new and full moon, the combined 
fo'ices of both raise the tide 12 feet. 
But when the moon is in her quaiters, 
the attiaction of one of these bodies 
raises the watei, while that of t1ie“ 
other depresses it, and therefo're the 
smallei foice’mf the sun must be sub- 
ti acted from that of ’ the moon, con- 
sequently the tides in the midst of the 
ocean will be no more > than . 8 feet.' 
The highest Hides aie called spinig 
tides, and the lowest are denominated 
neap tides. ‘ j 

James I understand, that,'inHhe 
foimer case^ the height io which the' 

. tides aifi raised must be calculated by.» 
ddwg together the attractions' of the/ 
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stin^ atid' moon ‘j and- in ytlie • latter^ 
nmist be » Estimated by, the-,<fij!^erencc 
of these attractions: ^ I'-lu y, 
^i-51frfoh'^'iYou are*, right*,? When thc; 
stin and moon are both yertical to.the 
equator of the earOi; and dhe moon 
at her least; distance'from- theiearth,, 
then’-the tides are highest. - nrr ‘ 5 »<; 
-'-'Chdries^t Do the highest tides hap- 
pen at the equinoxes? 

‘ tTtilor, f, Strictly speaking,- these 
tides do ‘ not happen till some littlp 
time after,' because jin, this, as jn 
others cases, T,the actions dq not pro- 
duce the, j greatest effect nvhen they^ 
are^at the'rstrongest, but some i time 
afterwards-:';; thus the, hottest-,,part of 
the day is not when the sun is on .the^ 
meridian,' ^but , between 'two and; four 
ojclocfc r-in' the'rofteraoon.pnAqpther 
drcumsthnde*jmust be taken into con- 
sideration:: iithe.* ^suO' being^'Uearer-n to 
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the. earth in winter than in summer,' 

i,t,is of,, com se < nearer to at;in l'’e- 

1 '*• 

hruary and Octobei, than m March and 
September ^ and therefoie, all ' these 
things being' put together, it hvill be 
found that the 'gieatest tides'happen 
little befoie 'the vernalj and some 
time after the, autumnal EqumoJves^ 
The probable times of the gieatest 
tides in each year are given in Whitens 
Ephemeris ’ - ’ 

; James. Since the attraction of the 
mooUj has, a gientei effect' in' pro 
during the tides than that nf the Sun, 
It IS' natural.-' , to conceive, that'tlie 
magnitude of the tides iWies- with 
the, distance- of the - moon fiom'the 
earth ' » ' 

Tutor. You are perfectly light in' 
that conjectme. The moon’s attiaO- 
tion upon the waters is gi eatest when 
she IS in her perigee, oi nearest the 
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earth ^.and it-is least^'When she is in 
her apogee,^ ov the point farthest from 
the earth! .The tides are proportion- 
all}’; greater in the-former case^ tlian 
in’ the latter. The moon’s ’ attraction 
is also greatest, all other things being 
the same^ when she is in the' equator. 
The moon’s# declination -'ahx’^ays has 
an effect, more or less^dn retaiding 
the actual time of higli water. Tables 
arc given in several books of astro- 
nomy and navigation, fay means oC 
which the time of high water may he 
accurately computed for any assigned 
place, for any, particular declination ; 
and ^ for the various positions with 
I’cgardito the moon’s distance’ fiom 
the earth. 
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CONVERSATION XVH. 


Of the Ha) vest Moon. 

TUTOR From what we said 
3 ’esteidayj, you will easily understand 
the leason why the moon rises about 
three quaiters of an hour later every 
day than on the one preceding. 

Charles. It is owing to the daily, 
progress which the moon is ranking 
in her orbit, on nhich account any 
meridian on the earth must make 
mole than one complete rotation on 
Its axis, before it comes again into, 
the same situation with respect to, 
the moon that it had before. , And 
you told us that this occasioned a 
diSerence of about 50 minutes 
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Tutor At the equator this is 
geueially the difference of time be- 
tween the rising of the moon on one 
day and the preceding But in places 
of considerable latitude, as that' in 
which we live, there is a remaikable 
difference about the time of harvest, 
when at the season of full moon she 
rises foi several nights together only 
about f20 minutes later on the one 
day ' than on that immediately pre- 
ceding. B}' thus succeeding the sun 
befoie the twilight is ended, the 
moon prolongs the light, to the great 
benefit of those who are engaged m 
gathering in the fruits of the eaith, 
and ' hence the full moon at this sea'- 
Son is called tlie haivest moon It 
is believed that this was observed by 
persons engaged in agriculture, at a 
much earliei penod than it was no- 
ticed by astronomeis, the former 
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ascribed it to the goodness of the 
Deity, not doubting but that he had 
ordered it 'so on purpose for their 
advantage 

James^ But the people at the 
equator d^not enjoy this benefit > ' ’ 

Tutor. Nor is it necessary that 
they should, for in those pai ts of the 
earth the seasons vary but little, and 
the weather changes but seldom, and 
at stated times , to them, then, moon- 
liglit IS not wanting foi gathering the 
fruits of the earth 

'Charles. Can you explain how it 
happens, that the moon at this sea- 
son of the year risers one day after 
anothei with so small a diffeience of 
time ^ 

Tutor-. With the assistance of a 
globe I could at once clear the matter 
^ up But I will endeavour to give 
you a general idea of the subject 
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without that instrument That the 
moon loses more time in her lisings 
when she is in one part of heir oi hit, 
and less in another, is occasioned by 
the moon’s -oibit lying sometimes 
moie oblique to the horizon than at 
others.' - - 

’ James But the moon’s path is 
not 'marked on the globe. 

Tutor. It IS not , you may, hoW- 
evei, consider it, withqut much enor, 
as coinciding with the ecliptic And 
in the latitude of London, as much 
of the ecliptic uses about Pisces and 
Aries in two hours as the moon goes 
through in six days, therefoie, while 
the, moon ds in these signs, she differs 
but two houis in' rising for six days 
together, that is, one day with an- 
other, about 20 minutes later every 
day than on the preceding. 

,-YOL. ir. R 
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There is a time> ^\ell Inown to husbanSmerij 
In ^vhicli the moon for many nights, in aid 
Of their autumnal labours, cheers the dusk 
AVilh her full lustie, sobn as Phoebus hides 
Beneath th’ horizon his propitious ra'^ 

For as the angle of the line, rrhich bounds 
The moon’s career from the equator, flows 
Greater or less, the orb of Cynthia shines 
With less or more of difference in rise j . 

In 'Artes least this angle, thence the moon 
Rises u ith smallest variance of tunes 
‘When in this sign she dwells, and most pro* 
tracts — 

Hei sojourning in om enlighten’d skies ” 

Lofut 

Charles. Is fhe moon in those 
signs at the time of harvest ' 

Tutor. In August" and Septembei 
3"OU know that the sun appears in 
Virgo and Libia, and, of comse," when 
"the moon is full, she must be in the 
opposite signs, Pisces and. Aries, 
Charles . " Will you explain, sir. 
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h9\v;4t is tliat'tjie people at the equa^ 
tor hav^e^no, harvest moon? ,,, ,v , 
Tutor. At(, the -.equator,, the north 
and south poles lie in the horizon,, 
and therefoie the ecliptic makes the 
same anale southward with the. hon- 
zon when. Aries rises, as it does north- 
ward .when Libra rises; but, as the 
harvest moon depends- upon the dif- 
ferent angles at which different pattS 
of the ecliptic rise, it is evident , there 
can be' no haiwest moorj-- at the 
equator. 

The farther any place is from the 

equator, if it be not beyondi the polar 

cirdes,, the angle, wliich the ecliptic 

makes with the honzon, when Pisces 

and' Anes nse, gradually diminishes, 
■" 'P ' . - 

and, therefore, when the moon is in 

these signs, she rises with a nearly 

propprtionalile difference later every 

day than on -the former, and this is 

31 S 
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more remarkable about the time of 
full moon. 

Ja77ies Why have you excepted 
the space oii the globe beyond the 
polar elides ^ 

. Tutor At the polar circles. T\heri 
the sun touches the summer tropic, he 
continues 24 hours above the horizon- 
and 24 houis below it when he touches 
the ivintei tiopic For the same rea- 
hon, the full moon neithei uses in the 
summer, when she is not wanted, nor 
sets in the winter, when her piesence 
is so necessary. These aie the only 
two full moons which happen when 
the sun is in the tropics, for all the 
btifers rise and set In summer the 
full hioons are low, 'and their slay 
dbo\e the honzon shoit;in winter 
they aie high, and stay long above 
the hoiizon A wondeiful display this 
of the divine wisdom and goodness. 
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in apportioning the quantity of light, 
suitable to the various necessities of 
the inhabitants of the earth, accord- 
ing to their dififerent situations. 

Chai les. At the poles, the matter 
IS, I suppose, still diffeient. 

Tuto ) . There one half of the 
ecliptic never sets, and the other half 
ne>ei, rises, consequently the sun 
continues one half year above the 
horizon, and the othei half below it. 
The full moon being always opposite 
to the sun, can never be seen by the 
inhabitants of the poles, while the 
sun IS above the horizon. But all the 
time that the sun is below the hori- 
zon. the full moons nevei set Con- 
sequently, to them the^ full moon is 
nevei visible in their summei ; and 
in their winter they have her always 
before and after the full, shining for 
14 of our days and nights without in- 
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termission. And when the Siih is de- 
pressed the lowest undei the horizon, 
then the moon ascerlds ' with hei 
Inghest altitude. 

James This indeed exhibits in a 
high degiee the attention of Provi- 
dence to all his creatures. But if I 
understand you, the inhabitants' of 
the poles have in their winter a fort- 
night’s light and darkness by turns 

Tutor. This would be’ the case, 
foi the whole six months that the sun 
is below the horizon, if there weie' no 
refraction and no substitute foi the 
light of the moon. ' But by the at- 
ihosphere’s lefracting the 'Sun’s lays, 
he becomes visible afoilnight Soonei, 
and continues a foitnight longer in 
sigiit, than he would otherhuss'do 

The Subject of refraction -will be very 
particularly explained when we come’ to 
Optics I 
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were there' no such property belong- 
ing to the atmospheie. And in those 
paits of the wmtei, when it would 
be absolutely daik in the absence of 
the moon, the brilliancy of the,^«- 
roi a' Bot calls is piobablyso gi*eat 
as to afford a vei}’^ comfortable de- 
gree of light Mr Hearne, in his 
tiavels near the polar circle, has this 
lemaik in his jouinal “ Decembei 
24 The days were so shoit, that 
the sun only took a ciicuit of a few 
points of the compass above the ho- 
rizon, and did not, at its gieatest al- 
titude, rise half nay up the trees. 
The biilhancy of the Aurora Boieahs, 
however, and of the stais, even with- 
out the assistance of the moon, made 
amends for this deficiency, for it was 
fiequently so light all night, that I 
could see to read a small punt.” 
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These advantages are poetically 
descnbed by our Thomson . 

By dancing meteors tlien,<tliat ceaseless shake 
A waving blaze refracted o'er the heavens, 
And vivid moons, and sfais that kcenei play 
With double lustre from the glossy waste, 
Ev’n m the depth of polar night, they find 
A wondrous day; enough to light the chase, 
Or guide their daring' steps to Finland fairs 

WiMcn, I 859. 
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CONVERSATION XVIII. 
1 


Of Mercury, 

TUTOR, 'Having fully desciibed 
the earth and the moon, the foimei 
a piimaiy planet, and the latter its 
attendant satellite, or secondary pla- 
net, we shall next consider the othei 
planets in their ordei. with which, 
however, we aie less interested. 

jMercuey, you recollect, is the 
planet neaiest the sun, and Venus 
is the second in order. These are 
called inferior planets. 

Charles. Why aie they thus de- 
nominated ^ 

Tutor. Because they both revolve 
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in Dibits which are included within 
that of the eaithy thus (Plate i, 
Pig. 2) Meicuiy. makes his .annual 
journey round the sun in the orbit 
Venus in h, and the eaith, faither 
from that luminaiy than eithbi.^of 
them, makes its circuit in t, , 
James^ How is this known? 
Tutor. ^ By observation for,, by 
attentively watching the progress of 
these bodies, it is found that they 
are continually changing their places 
among the^fixed stars, and that they 
aie never seen in opposition to the 
sun, that is, they aie never seen in 
the western side of the heavens in the 
morning when he appeals in the east ; 
nor in the eastern pai t of the lieavens 
in the evening when the sun appears 
in the west ' ^ , 

Chu) les. rThen they may be con- 
sideind as attendants upon tlie sun ^ 
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Tiiey niav: Meicury i\ 
never seen fiom the caith at a gi eater 
(hslaiice ftom the sun than nbput 2 S 
degrees. 01 about o’? far as the moon 
np^veajs to lie fioin tlie sun on the 
second day after its change , hence 
it is that we so sckloin see hnn » and 
when ne do, it is for so shoit ii lime, 
and .alwaNsin tndighl, iliat bufTicicnl 
observations have not been made to 
rsceilnin niicther he has a dimmi 
motion on his aM'), 

JiuPC!'. M'ouhl } on then conclude 
that he ba.s sutli a motion ^ 

'Jiifor. I think v\ c ousht , lie- 
c.ui'je ii is known to exist in .all tlioso 
planets Upon which observ.alions of 
snfhcient extent liave been inade ; 
and tlierefoic we may surely infer, 
wllhnut much probability of crroi. 
that it belongs also tO’IMevciny and 
the Ilerscliel; the founer from its 
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vicinity to the sun, and the latter, 
from its gieat distance from that 
body, having at present eluded the 
investigation of the most indefatiga- 
ble astronomers. 

Charles At what distance is 
Mercury fi om the sun ^ , , 

Tutoi. He levolves round that 
body at about 37 millions of miles 
distance, in 88 days neaily, and 
therefore you can now tell me how 
many miles he travels in an houi . 

James I can , for supposing his 
01 bit circulai, I must multiply ^the 
37 milhons by 6” , which will give 
222 millions of miles for the length 
of Ins mbit, this I shall divide by 
88, the number of days he takes in 
perfoiming his jouiney, .and the quo- 
tient resulting from this must be di- 


See page 79. 
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vided by 24i, for the number of hours 
in a day , and by these operations 
I find, that JMercury travels at the 
rate of more than 105,000 miles in 
an hour. 

Charles How laige is Meiciiry ^ 

Tutoi He is the smallest of all 
the planets, his diameter is some- 
thing' more than 3200 miles in 
length. 

James His situation being so 
much nearei to the sun than ours, 
he must enjoy a considerably gi eater 
shaie of its heat and light. 

Tutor So much so^ as would in- 
deed infalhbly bum every thing be- 
longing to the earth to atoms, were 
she similaily situated The heat of 
the sun, at Mercury, must be 7 times 
greater than our summer heat 

^Mercury the fiist, 

Near bordering on the day, with speedy wheel 

VOL. II. S 
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Flies swiftest on, inflaming where he comes, 
With seven-fold splendour, all the azure road. 

Mallet’s Excubsion, 

Charles. And do you imagine 
that, thus circumstanced, this planet 
can be inhabited ^ 

Tutor Not by such beings as we 
are you and I could not long exist 
at the bottom of the sea; yet the 
sea IS the habitation of . millions of 
living creatines, why then may there 
not be inhabitants in iMercury, fitted 
foi the enjojmient of the ' situation 
which that planet is calculated to 
afford ^ If there be not, we must be 
at a doss to know why such a body 
was foimed, certainly it could not 
be intended foi oui benefit, for it is 
1 arely even seen liy us * — 

Ash for what end the heav’nly bodies shine ^ 
Earth for whose use’ Pude ansiver:,, “ 'Tis 
for mine : 
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. . . — suns to light me nse, 

I'Ty footstool earth, my canopy the skies." 

Pope 

But do these worlds display their beams, or 
guide 

Tiieir orbs, to serve thy use, to please thy pndc' 
Thyself but dust, th}' stature but a span, 

A moment thy duration , foolish man I 
As nell may the minutest cnimct say, 

Thai Caucasus was rais’d to pa\e his wa)'. 
The snail, that Lebanon’s evtended wood 
"Was destin’d only for his walk and food • ' 

The \ilost cockle, gaping on the coast 
That rounds the ample seas, .ns n ell mn) boast, 
Tlic craggy rock projects abo\ e the sk} , 

Tliat he m safety at its foot maj he , 

And the nholc ocean’s confluent naters swell 
Onl\ to quench his thirst, or move and blanch 
his shell. 


PmoK. 
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CONVERSATION XIX. ' 


Of Venus 

TUTOR We now proceed to 
Venus, the second planet in the order 
of the solar 'system, but by far the 

most beautiful of them all — 

; 

Fairest of stars, last in the tram of night, 

If better thou belong not to the dawn,' 

Sure pledge of day, that crown’st the smiling 
morn , ’ / 

With thy bright circlet, praise him in thy 
sphere, 

While day arises, that sweet hour of prime. 

MliTOK 

James How far is Venus fiom 
the sun ^ 

Tiitoi . That planet is 68 millions 
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oF miles fiom the sun> and she finishes 
her journey in 224-^ days, conse- 
{juently she must ti’a\ el at the i ate of 
T'o.OOO miles in an hour. 

Charles. Venus is laiger than 
hleicury, I dare say"!* 

Tutoi'. Yes, she is ncaily as large 
as the earth, whicli slie leEcmblcs 
also in other icspects, her diameter 
being about 7700 miles in length, 
and slic has a i otation about her axis 
in 23 hours and 20 minutes. The 
quantity of fight and^heat, winch she 
enjoys from the sun, must he double 
that n hicli is exjieiienced by the in- 
habitants of tins globe. 

James. Is theie also a difference 
in her seasons, as there is here ? 

Tutor. Yes in a much more 
consideiable degree. The axis of 
Venus inclines about 7o degrees, but 
S 3 
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that of the earth inclines only 23^ 
degrees, and as the vaiietytof the 
seasons in every .planet depeiids on 
the degree of the inclination of its 
axis* it IS evident that, the seasons 
must vaiy more with Venus than with 
us. 

Charles. Venus appears ,to us 
larger sometimes than at others. ' 

‘ Tutor. -She does^ and the gi eat 
variations of the appaienti diameter 
of Venus demonstiatc, that her dis- 
tance fiom the earth is exceedingly 
variable. It is lai gest when the planet 
passes over the disk of the sun ; that 
is, as we shall soon .see, when theie 
IS a ' transit. , Suppose s (Plate iir. 
Fig. 17) to be the sun, t the earth 
in her 'orbit, and a, hy c, d, e,/, Ve- 
nus in heis now it is evident that 
when Venus ds at a, betiyeen the sun 
and earth, she would, if visible, ap- 
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pear much larger than when she is at 
d in opposition 

Jajuch. That is because, she is so 
much nearei in the foimer case than 
in the latter, being in the '‘situation 
a but 27 millions of miles fiom the 
eaith T, but at d she is 163 millions 
of miles off. 

Tutoi' Now, as Venus passes fiom 
<7, through h, c, to d, she may be ob- 
served) by means of a good telescope, 
to have all the same phases as the 
moon has in passing from new to full, 
therefoie when she is at d she is full, 
and is seen among the fixed stars": 
duiing her jouine}'" fiom d to e, she 
pioceeds with a direct motion in liei 
"’orbit, and at e she mil appear to an 
inhabitant of the earth, for a few days, 
to be statidnary, not seeming to 
change hei place among the fixed 
stars, for she is coming towaid the 
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earth in a direct line . but in passing' 
fioni e tofi though still with a direct 
motion, yet, to a spectator at t, her 
couise will seem to be back again, or 
0 ctrogradCi foi she will seem to have 
gone back from z to y ; her path will 
appear letrogiade till slie gets to c, 
nhen she mil again stationai y, 

and afterwaids, fiom c to d and from 
d to e, it wUl ,be direct among the 
fixed stars. 

Charles. When is Venus an even- 
mg and when a moimvg star ? 

Tutor She is an evening ,star all 
the while she appeals east of the sun,- 
and a morning star while she. is seen 
west of him — 

Next Venus to the xveslwmd of the sun, 

Full orb’d hci face, a golden plain of light 
Circles her larger lound. Fair morning star. 
That leads on dawning day to yonder world, 
The sent of Man 

Mai.rut’s Excursion* 
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'^Vlien she is at a she xvill be invisible, 
her daik side being towaids us, unless 
she be exactly in the node, in which 
case she will pass over the sun’s face 
ike a little black spot 
' James, Is that called the transit 
of Venus ^ 

Tutor ' It is, and it happens twice 
only in about 120 years By this 
phenomenon astionomeis have been 
enabled to ascertain with gieat accu- 
lacy the distance of the eaith fioin 
the sun , and, having obtained this, 
the distances of the other planets are 
easily found By the two transits, 
which happened in 1761 and 1769, 
It was clearly demonstiated, that the 
mean distance of the eaith fiom the 
sUn was between 95 and 96 millions 
of miles 

The next transit of Venus will be 
in Decembei 1874. 
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- Cha’i ks How do you find the 
distances of the other planets from 
the sun, by knowing that of the 
earth? 

Tutor. I will endeavour, to make 
this plain to you Kepler, a gieat 
astronomer, discovered that all the 
planets' aie subject to one geneial 
law, which IS, that the sguaus of 
then periodical times ai'c propoi- 
iioiial to the cubes of their distances 
fi om the sun 

James What do you mean by 
the periodical times ^ 

Tutor. I mean the times which 

f 

V 

^ 1 he remainder of this Conversation may 
be omitted by those young persons who are 
not ready in arithmetical operations Tlio 
authoi, ^honevei, knows, from experience, 
that children may, at a veiy early age, be 
bi Ought to undei bland these Tiigher parts of 
aiulimetic. . ' 
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the planets take in revolving round 
the sun ; thus the peiiodical time of 
the eaith is 365^ days; that of 
Venus 2241- days, that of Mercuij 
88 days 

Charles. How then would you 
find the distance of Mercuiy from 
the sun ? 

Tutor. By the rule of three * I 
would say as the square of S65 days 
(the time winch the earth takes m 
revolving about the sun) is to the 
square of 88 days (the time in winch 
Meicury revolves about the sun), so 
is the cube of Q5 millions (the dis- 
tance m miles of the earth fiom tiie 
sun) to a fouith numbei 

James. And is ’that fourth num- 
ber the distance in miles of Mercuiy 
from the sun ^ 

Tuto ) No you must cxti act the 
cube loot of that number, and then 
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you will have about 87 millions of 
miles for the answei, which is the 
distance at which Mercury revolves 
about the sun ' 

Chalks Does Venu^ ''turn lound 
on her^-axis ^ 

Tutor. Fiom the movement of 
cei tain spots upon the sm face of the 
planet, it has been concluded, that 
she 1 evolves about her axis once in 
34 hours But this is not completely 
asceitained 
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CONVERSATION XX. 


Of Ilais. 

TUTOR. Next to Veini'; is the 
earth and her satellite tlie moon ; bat 
of these sufficient notice has alreadv 
been taken, and theiefore \\c shall 
pass on to the planet IMais, nhich is 
known in the lieavens by a dusky led 
appearance. IMars, togethei with Ju- 
piter, Satin n, and tlie Hcrschel, aie 
called supeiior planets, because the 
orbit of the earth is enclosed by their 
01 bits. 

Cha? Ics. At w hat distance is IMars 
fiom the sun ? 

Tutor. About 144' millions of 
VOL. II, T 
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miles , tlie length of his year is equal 
to 6S7 of our daj's, and therefoie be 
travels at the late of nioie than 5S 
thousand miles in an hour, his diurnal 
rotation on his axis is peifoimed in 
£4 houis and 39 minutes, wlndi 
makes his figure that of an dilate 
spheioid 

James, How is the diUrnal motion 
of this planet discoveied ^ * 

Tutor. By means of a vciy laige 
spot which is seen distinctly on Ins 
face, v.'hen he is in that paiLof his, 
mbit which is' opposite to the sun and 
eaitli. t 

Chailes Is Mars as laige as the 
earth ? 

Tutor. No • his diameter is only 
4189 miles in length, v/hich is but 
little moie than half the length of 
the earth’s diametei And oning to 
his distance from the sun he ivill not 
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enjoy one lialf of the light and heat 
which ne enjoy. 

Jiwics. And yet, I believe, he has 
not the benefit of a moon ? 

Tutor, No moon lias ever been 
discovered belonging either to Mci- 
cury, Venus, or ^lars. 

Charles Do the supeiior planets 
GNhibit similai appearances of direct 
and retrogi.adc motion to those of the 
hifenor planets’ 

Tiiio) . They do suppose s (Plate 
IV, Pig-. IS) the sun , a, h, tU /• jg> 
h, the earth in dihcrcnt parts of iK 
orbit, end in Blais in lus oilnt. V hen 
the caith is at a, Blars will appeal 
among the f.Kocl stars at ,r when by 
its annual motion the earth has ni- 
iivrd at h. il. and f, re^^pcctivcly, 
the planet Blais will appCvir in the 
heavens at 7/, and \o : wdicn the 
T 2 
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earth has advanced to Mars will 
appear stationary at o to the earth, 
m its journey from g to //, the planet 
will seem to go backwards or retro- 
grade in the heavens from o to z, and 
this retrograde motion will be appa- 
lent till the earth has arnVed at a, 
when the planet will again appear 
station aiy ’ 

James I perceive tliat Mais is 
letrograde when in opposition, and the 
same is, I suppose, applicable to the 
otlier supenor planets, but the re- 
trogiade motion of Meicury and Venus 
is when tliose planets aie in conjunC'- 
tion ' ' ^ 

Tutou ■'You are light and 3’ou 
see the leason, I dare say, why the 
superior planets may be in the west 
in the mbming when the sun lises in 
the east, and the reverse 
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Charles ^qr Mlien the eaith is at 
d, Mai s may be at m Avhicli case 
the earth is betireen the sun and the 
planet I obsei ve also that the planet 
Mars, and consequently the othei 
supenor planets, are much neaiei the 
earth at one time than at othei s 
Tutor The diffeicnce with lespect 
to Mars is no leSs than 190 millions 
of miles, the uhole length of the 
01 bit of the eaith. This will be a 
proper time to explain what is meant 
by the heliocentric longitude of the 
planets referred to in the Ephemens 
James Yes, I remembei you pio- 
mised to explain this ivlien you came 
to speak of the planets I do not 
jenoxv the meaning of the woid he- 
liocentiic. 

Tutor. It is a teim used to ex- 
piess the place of any heavenly body, 
as seen from the centre of the sun , 
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whereas the geocentric place of- a 
planet is the position which it has 
when seen from the centie of the 
eaith ' * ' , 

Charles Will you show ns Tiy a 
figure in what this difference consists^ 
Tutor I will let s (Plate iv. 
Fig. 19) represent the place of the 
sun, h Venus in its oibit, a the earth 
in hers, and c Mars in his oibit, and 

4 

the outermost circle will represent the 
sphere of fixed stars Now, to a 
spectatoi on tlie earth a, Venus will 
appear among the fixed stars in the 
beginning of Scoipio, but, as viewed 
from the sun, she will be seen beyond 
the middle of Leo Therefore the 
geocentric longitude of Venus will be 
in Scoipio, but her heliocentric \ou- 
gitude will be in Leo Again, to a 
spectator at a, the planet Mars at c 
will appear among the fixed stars to- 
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waids tlie end of the sig^i of Pisces; 
but, as viexA rd from the sun, lie v/ill 
be seen at the beginning of the sign 
Aiies conscqucnlly the gcocc7iiuc 
longitude of Mais is in Pisces, but 
his hdwccntric longitude is then in 
Aiies. 
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CONVEllSATIOK XXI. 


V Of Jupiter 

TUTOR We no\r come to Ju- 
piter, the laigest of all the planets, 
v/hich, IS easih’’ known b}’’ Ins peculiar 
magnitude and biilliancy. 

^ Chalks,' Js Jupiter laiger than 
Venus ^ 

Tutor. Though he does not ap- 
pear so largCj yet the magnitude 
of Venus heais but a very small 
pi'opoition to that of Japiter, whose 
diametei is 90,000 miles in length, 
consequently his, bulk ivill exceed 
the bulk of Venus J500 times’ his 
distance fiom the sun is estimated at 
inoie than 490 millions of miles.! 
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James. Then he is jvoe times 
faither fiom the sun than the eaitli; 
and, consequcntl)', as light and heat 
dimmish in the same pioportiori ns 
the sqtiaies of the distances from tlie 
illuminating body inciease, the in- 
habitants - of Tupitor enjoy but a 
twenty-fifth pait of the hqht and 
heat of the sun that we enjoy. 

Tutor. Another thing icmaikablc 
in this planet ic, that it revolves on 
its axis, nhich is peipendicular to its 
01 bit, in 10 hours, and, in conse- 
quence of this swift and diurnal lota- 
tion, his equatorial diameter is 6000 
miles greater than Ins polar dia*- 
ineiGi . 

Charles. Since then a variety in 
the seasons of a planet depends upon 
the inclination of the axis to its or- 
bit. and since the axis of Jupitei has 
no inclination, tlieic can be no dif- 
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ference in his seasons, tier any ' in the 
length of his days and nights. ", ; s 
Tutor. You are light , his days 
and nights are always five houis each 
in length . and at his equatoi:, and its 
neighbourhood, there is perpetual 
summer, and an everlasting winter 
in the polar legions 

James. What is the length of his 
years ? 

Tutor. It is equal to neaily 13 
of ours, for he takes 11 yeais, 314 
days, and 20 hours, to make a i evo- 
lution louiid the sun, consequently 
he tiavels at the ante of moie than 
28,000 miles in an hour. 

This noble planet, is -accompanied 
'ivith four satellites, winch revolve 
about bun, at diffeient distances, and 
m difici ent periodical times , the first 
in about 1 day and IS hours • the 
second in 3 days 13, houis the thud 
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i\l 7 days 3 Iiom-s: and the fourth 
jn 16 da}s and 16 hours. 

Bcyoiul the sphere of Mnn^ jo distant bkie«, 
llc\oKcs the mighty magnuiidc of Jo^c 
With kingly slate, the rival of the sun. 

About Iiiin round four phticfarij iiwou<;, 

On earth ith w ondcr all night long beheld, 
iNIoon above moon, Ins fmr attendants d.ancc. 

Mam,its livcutistON. 

Chalks And aie these satel- 
lites, like out moon, buhjcct to be 
eclipsed ^ 

Tutor. I'lie} me; and their 
eclijiscs arc of consiclc’alilc import- 
ance to astionomeis, in ascertaunug 
ivith accmacy the longitude of diffc- 
lent places on the cailh. 

By means of tlie eclipses of Ju- 
jiitei’s satellite?, a nietliod lias been 
also obtained of demonsliatni" that 

Cl 

the motion of light is progressive 
and not vistantaucous, as v.as once 
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supposed. Hence it is found, that 
the velocity of light is nearly 11^000 
times greater than the velocity of the 
eaith in its oibit, and more, than a 
million of times gi eater than that of 
a ball issuing from a cannon. This 
discovery is alluded to by the last 
mentioned poet speaking of an ob- 
seiver of the eclipses of Jupiter’s 
satellites, he says. 

By these observ’d, the rapid progrkss finds 
Of hght Itself, how swift the headlong ray 
Shoots from the sun's Jieigbt through un- 
bounded space, '' 

At once enhght’ning air, and eartli, and 
lieaven 

Rays of light come from the sun to 
the earth in 8 minutes, that is at the 
late of about 12 millions of miles in a 
minute. 

James. Who discovered these sa- 
.tellites ? 
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Tttlor. They 'w'cic first seen by 
Cinlilco ill ICIO. 1 le took them for 
telescopic *;lars, hut fart lior observa- 
tions convinced him and olhcj'. that 
they were plnnctaiy bodies. 

The relative situation of thcsf* 
small bodies changes at every instant. 
They nra sometimes seen to pass 
over till) face of the planet, and pro- 
ject a fhndovv in the foim of a lilac!: 
‘'POt, which dcsciibes n line arrows it. 
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CONVKHSATION XXII. 


Of Saturn 

j 

TUTOR. ^ Wc'aie now ariiml at 
Saturn in our descriptions, which', 
till within these foity years, was 
esteemed the most remote plandt of 
the solar system ' • 

Charles. How is he disting-msiied 
in the heavens^ 

Tutor. He shines with a pale 
dead light, veiy unlike the hulliant 
Jupitei, yet his inagnitncle seems to ' 
^ie with that of Jupitei himself. The 
diameter of Saturn is ncaily 80 thou- 
sand miles in length . Ins distance 
fiom the sun is nioie than' 900 'mil- 
lions ' of miles, and he pei foi ms Ins 
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journey routld that luminary in a 
little less than 30 of our years, con- 
sequently he must travel at a rate 
not much shoit of 21,000 miles an 
hour. 

< 

James* His great distance fiom 
the sun must render an abode on 
Saturn extremely cold and dark too, 
in comparison of n Imt e expei fence 
here 

Talor. His distance from the sun 
being betiveen 9 and 30 times gi enter 
than that of the earth, lie enjoys 
about 90 times less light and heat ; 
it ha«: ncverthclciiS been calculated, that 
the light of the .‘•un at Saturn is 500 
limes greater than that which w c en- 
joy fiom our full moon. 

Chtirki: The day-light at Satuin, 
then, cannot be vciy contemptible I 
.should liaully have thought, that the 
hgiit ol the sun even here was 500 
u 2 
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tiirjCv? greater than that oxpcucnccd 
from a full moon. 

Tutor, So much grcalor is our 
meridian light tlmn this, that during 
tlic sun’s absence bchmd a cloud, 
when tlic light is mucli 10*^5 slJong 
tiian when v,-c l)clioUI him in all his 
£;louons splendour, it is reckoned that 
our da} -liglit is 90,000 times greater 
than the light of the moon at its full. 

James, IjuI Saturn has several 
moons, I believe? 

Tutor, He IS attended by seven 
satellites, or moons, u hose pci iodical 
tunes difier 'i ciy mucli ; the one 
nenicst to liim performs a i Solution 
lound tlie primniy planet in 22 hours 
and a half; and that which is most 
1 emote takes 70 dn)s and 7 honis 
foi Ins monthly jouiney; tins last 
•satellite IS known to turn on its axis, 
and ni its rotation is subject to the 
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same la^r which our moon ■ obeys, 
that is, it ie\olves on its axis in the 
same time in which it revolves about 
t]jc planet. 

Besides the seven moons, Saturn 
is encompassed with tu o broad rings, 
which aie piohably of considerable 
iinpoitance m reflecting the light of 
the sun to that planet, the bieadth 
of the inner nng is 20,000 ' miles, 
that' of the outer iing is 7,200 miles, 
and the vacant space between the 
two rings is 2839 miles. These 
rings give ' Satui n a very different 
appeal ance from any of the other pla- 
nets- Plate iv. Fig 20, is a repie- 
sentation of Saturn as seen through 
a good telescope. On the supposition 
that Saturn w'as the most remote 
planet of our system, he is thus de- 
sc.ihed hy IMalletj in liis Excin- 
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Lnst, outmost Saturn ttalKs his frontier rountl. 
The boundary of norlds, willi lus pale moons, 
raint ghnimniig through the gloom Minch 
night htia throw n 

Deep'd^ed nnd dead o’ei this, dull globe for- 
lorn . 

An endless desert, where extreme of cold 
Lternal sits, ns m Ins native scat, 

On wintrj hills of never-timwing icc 
Such Sattmi'i earth, and even here the sight, 
Amid these doleful scenes, new matter finds 
Of Mondcr and delight! a mighty nng / 

James Is it known of what na- 
tine the ling is ^ 

'Tutor Di. Ilerschcl thinks it no 
less solid than the body of the planet 
itbclf, and he has found that it casts a 
strong shadow upon the planet. The 
light of the ling is brighter than that 
of the planet , for the nng appears 
sufficiently bright for ohserv ation, at 
times when the telescope scarcely 
affords light enough to give a faip 
Mew of Satuin. 
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Charles. Is it known whether 
Saturn turns on its axis? 

Tuto) . According to Dr Heischcl 
it lias a rotation about its axis m 12 
liours 13-1 minutes : this he com- 
puted from the equatorial diameter 
in the propoition of 11 to 10. Dr. 
Herschel has also discovei cd, that tlic 
ling, just mentioned, revolves about 
the planet in 10 hours and a -1-, whirli 
IS also the time of the planet’s lota- 
tion on its axis. 



224 


AsinoNOsn, 


CONVEllb^riOX XMIl. 


Of the IIosclicl Planet 

TUTOR. AVe have but one 
other planet to describe, that is tlie 
Herschel ■ t > 

'James. ' Was it discovered by Di. 
HeischeP » 

Tutor. It ivas, on the 13th of 
March, 1781, and therefoie by many 
astionomers it is denominated the 
Heischel planet . thoui^h, by the 'doc- 
tei himself, it was named the Geor- 
gium Sidus, or Geoigian Stai, in 
honour of his late'majesty Geoige the 
Thud, who was for many years a 
liberal patron to this great and 'most 
indefatigable astionomer Foreign 
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astronomers usually call this planet 
Uramis. 

Charles, I do not think that I 
have ever seen this planet 

Tutor'. Its apparent diameter is 
too small to be discemed readily by 
the naked eye ; but it may be easily 
discovered in a dear might, when it 
is above the horiron, by means of a 
good telescope^ its situation being 
previouslj knon n fiom the Ephemoris. 

James Is it owing to the small- 
ness of this planet, oi to its gicat 
distance fiom the sun, that nc can- 
not see it with the naked c )0 ’ 

Tutor, Both these causes aic 
combined* in companson of Jupiter 
and Saturn lie is small, his diameter 
being less than So thousand miles in 
length, and his distance fiom the 
sun is estimated, at moic tlian 3800 
millions of miles from that luminary, 
around which, howmer, he performs 
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his journey in 84 of our years , con- 
sequently he must tr.i\el at 'the i ate 
of 16,000 miles an hour.' 

Charles, ' But if this planet has 
been discovered only -10 yeais, how 
is it known that it will complete its 
resolution in 84 years? 

T'ulor By a lonif sciies of obser- 
vations it has been found to move with 
such a velocity as would cairy i it 
lound the heavens in that, period. 
And all the computations of its places, 
conducted upon that supposition, me 
found to be collect 

.James. How many moons has 
the Heischel? 

Tutor He is attended by six sa- 
tellites, or moons, of Inch, the one 
nearest to the planet pcifoims his 
revolution round the piimmy in 5 . 
days and 23 hours, hut that whicii is 
the most lemote iiom him takes 107 
days and'16 houis foi his jouincy. 
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afiy ideadPoriiied 
as * to dtlDK light >-aad^)heaty5feajB3xed jhy 
this plaaet?' 

t.i^^iitovk^ Hife'distaticd froaf^’the ‘sun 
is< id 9 ^ timesl'^ceatei:' Ihan^thai^oftthe 
earth consetjh'entlyi 'sirice the^^qtmi’e 
of 19 is 361, the*light'and h^at €xpp> 
Tiantjed^/bytl^tlie piohabitahtSr 'jofis' that ‘ 
planet tnusfe<ber361 tinuis lessjthan we 
deiiye li’oiiif the'raj's of?thd*suns ' ’Vj? 
t « 'JGl le prc({i&rtion«^ofdig'h't enjby hd ^ by 
the'* Ifetiidieb fhas-?'been?-?esUrriate‘d'>a‘t 
about ‘jequaLptor* the efl'ect 
our’ full moons.: *v 

^ t iCliar'ies.% quit^J certain.ithat 

there are no more^plahdts^ belonging 
to-i our f ystein, i^an fthosd Whidi ’j’ou 
have .tfientioried ?<*>. 

}i 5 So far <fi’pmoit/ *.it dswow 
quite certain ithat there^Janr^bthetsi^; 

ifei is iby^aio' tneanS;^atrfprobable 
tJiPt the4future‘<t)bservations nfoinstrof 
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nomers may lead to the discovery of 
more. 

James Why, then, hmeyouiiot 
assigneda separate discussion to them’ 

Tutor. Theic arc two reasons fm 
that One is, tiint the newly disco- 
vered planets are so ^ minute tliat 
they can ne\ or he cccn without tele- 
scopes: another is, that on account 
of the comparative iccency of their 
disco\ory, tlieir various elements arc 
not yet \ery accurately assigned. — 
That jou may, howe\ci, ha^e an' 
adeijuatc notion of the place nlnch 
they occupy in the solar system, I 
heg to piesent each of you with a 
caul, on which yoti will find exhi- 
bited in one view, the periods, dis- 
tances, and magnitudes, of all the 
planets, including the four smalL 
ones which liavc been discoveied 
during the piesent centmy. 
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CONVERSATION XXTV. 


Of Comets 

' 'TU'rOH. IBcsides the seven pii- 
ntiny planets, and the eighteen se- 

condaiT ones or satellites, which we 

* ^ 1 

have been desenbing, there aie other 
bodies belonging to the solar system, 
called comets, to which Thomson in 
his Summer beautifully alludes ' — 

Amul the railinnt orbs ^ 

That more than deck, that animate the sty, 
'the lile-infusing fevins of other worlds, 

Lo I from tlie dread immensity of space 
llcturamg with accelerated course - 
The rushing coiuct to the sun descends, . 
And, as he sinks hclou the shading earth. 
With nuful tram projccied o’er die heavens, 
I he guilty nations tremble, 

SvMMnn, line 1702. 
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Charles. Do comets resemble the 
planets in any respects ^ 

Tutor,. Like them, they are sup- 
posed to revolve about the sun in 
elliptical orbits, and to describe equal 
areas in equal times; but they do 
not appear to be adapted for the 
habitation of animated beings, oiving 
to the great degrees of heat and cold 
to M'hich, in their course, tliey must be 
subjected ; in consequence of the great 
eccentricity of most, of theii mbits 
The comet seen by sii Isaac New- 
ton, in the year 1680, was observed 
to appioach so near the sun, Jtliat its 
lieat.w^as estimated by that gieat man, 
to be 2000 times ^eatei than that of 
red-hot iron. 

James. ^It.must Jiave bcema verv 

•/ 

solid body to have endured such a 
heat witliout' being' entirely dissi- 
pated. 


V 1 
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Tutor. So indeed it should seem • 
and a body thus lieated must retain 
Its heat a long time; for a red-hot 
globe of iron, of a single inch in 
diameter, exposed to the open air, 
■Will scaicely lose all its heat in an 
hour , and it is said, that a globe of 
icd-hot iron, as laige as our earth, 
would scaicely cool in 50,000 years. 

Charles Are the periodical times 
of tlie comets known ? 

Tutor Very fow of Uiem with any 
dcgice of ccitainty: it was supposed 
that the periods of three of them had 
been distinctly ascertained Thej^r^/- 
of these appeared in the } ears 1531, 
160T, and 1682, and it was expected 
to retuin e\ cry 75th }ear, and one 
whicli, as had been predicted Dr 
Halley, appealed in 1758, which yas 
supposed to he the same. > 

The second of them appeared in 
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1532, niid 1061, and it was expected 
that it Would -again make its appear- 
ance in 1789, in this the astro- 
nomers were disappointed, 

‘ The third was tliat w Inch appeared 
in 1680, and its peiiod being estimated 
at 575 years, cannot, upon tliat sup^ 
])OSition, return until the year 2255. 
This last comet at its greatest dis- 
tance is ele\en thousand two hundicd 
millions of miles from the sun, and 
Its least distance from the sun's ccntie 
was bnt four hundred and ninety 
thousand miles, in this part’ of its 
01 bit it tiavclicd at the rate of 880,000 
miles in an hour 

James, Do all bodies movefastci 
or slow'er in proportion as they arc 
neaicr to, or more distant from, their 
centre of motion 

Tutor, They do, for if you meditate 
upon the last six or seven lectures, 
X S 
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you uill lecollect that the Herschel, 
winch IS tlie most remote planet m 
the solar system, travels at the late of 
] 6,000 miles an hoar , Saturn, the 
next nearer in the older, 21,000 miles , 
Jupiter 28,000 miles, Mars 53,000 
miles ; the earth 65,000 miles ; Venus 
75,000 miles , and Mercury at the rate 
of 105,000 miles in an Iioui But 
heie we come to a comet, .whose pro- 
giessive motion, in that pait of its 
orbit which is neaiest to the sun, is 
more than equal to eight times the 
velocity of Mercury 

Charles. Weic not comets former I}-- 
dreaded as aivful prodigies, intended 
to alarm the woild ^ i 

Tutor. Comets aie fiequently ac- 
companied with aluminous tram called 
the tail, which is supposed to be some 
electric phenomenon issuing from the 
body in a line opposite to the sun. 
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but, which, to uninformed people, has 
been a source of terror and dismay . 

Jaines Do comets shine by their 
own light ? 

Tiitor It was, till uithin these few 
yeais, supposed that comets borrowed 
all their light from the sun, but the ap* 
pearance of two i ery brilliant comets, 
of late, seems to have oierturned that 
theory^ One of these uas iisible, for 
several weeks, in ISOTj and the other 
from September to the end of the year 
1811. Of the former, Dr. Herschel 
has given an elaborate account in the 
98tli vol of the Philosophical Trans- 
actions Previously to the appearance 
of these, it was generally supposed 
that the light of comets, like that of 
the moon and planets, was reflected 
hglit only. A new theory is now 
adopted by Dr, Plerschel, and other 
eminent astronomers, who have had 
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capital oppoi lunitics, in both the in- 
stances referred to, for accurate oh- 
sei-vations Dr. Ilci-schel says, with, 
respect to the comet in 1807> we 
aie authorized to conclude, thati the 
body of the comet, on its surface, is 
self-luminous, from whatc\er cause 
this quality may he deiived The 
^i\acity of tiic light of the comet, 
also, lind a much greater resemblance 
to the ladiarcc of the stais, than to 
the mild icflcction of the sun’s beams 
fiom the moon/' 

The same inference has been drawn 
from the observations made on the 
comet of 1811, which distinctly exhi- 
bited, to very powerful telescopes, the 
Scveial parts of Avhich the comet is 
composed. 

Charles AVhut aio those parts ^ 

Tuto ) . ThOy are the miclcuSf the 
head, the corna, and the tail 
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The nucleus is a very smallj bnl- 
liant, tnncl diamond-hke substance in 
the centre, so small ns to be incapable 
of being mcasuicd 
, The head includes all the lery 
blight surrounding light* infcuoi 
telescopes, that ^v^ll not lender the 
mideus \isil)lc, aie often able to cv- 
Inbit the bead thus dcsciibcd. The 
head of the comet of 1807 nas ascei- 
tnincd to be 53S miles in dinmctci : 
that of 1811 to be about tlie of 
the moon. 

TJie co7na is the hair}* or nebulous 
npjicaiancc sui rounding the head. 

Tlic tad, which, in some comets, 
extends thiough an immense Ejiaec, it 
IS thought mu) he more hatisfacloiilv 
accounted foi, by sujiposmg it to con- 
sist of indiant mallei, such as the 
matter of the auroia hoicahs, tlian 
nhen we unnecessarily asciibc the 
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light to a reflection of the sun’s illu- 
minations thrown upon vapours sup- 
posed to aiise from the body of the 
comet. The tail of the comet, in 1807, 
was asceitained to be more than nine 
millions of miles in length ; and that 
in 1811 was full ^3 millions in length. 

James. Was this comet at a great 
distance from the earth ^ , 

Tutor, On the 15tli of Septemher, 
its distance from the sun was more, 
than 95 millions of miles; 'and its 
distance from the earth, at the same, 
time, Avas upwards of 142 millions of . 
miles. 

After all the exeitions of astrono- 
meis of all countries, there is no class 
of celestial objects whose theoiy is so - 
little advanced as that ’of comets , ive 
Mall, Iheicfoie, dwell no longer upon.- 
It 
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CONVERSATION XXV. 


■ Of ihe Sim. 

' TUTOR. Having given you a 
jiavticular description of the planets 
which revolve about the sun, and also 

f 

of the satellites which travel lound 
the primary planets as central bodies, 
whde they aie earned at the same 
time with these bodies rouud the sun, 
we shall conclude our account of the 
solar system by talcing some notice of 

the sun himself •“ 

1 ” 

Informer of the planetary train; . 

Without whose quick'mng glance their cum- 
brous orbs 

Were brute unlovely 10055,“^ inert and dead, 
And not, as now, the giccn abodes of life 

Thomson’s Autumn, line 1036. 
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James. You told us a few days 
ago, that the sun has a rotation on 
its a\is , how IS tliat Ijnown ^ 

Tutor. By the spots on liis surface 
It IS known that he completes a i evo- 
lution from west to east on his axis in 
about 25 days, two days less than his 
apparcut revolution, in consequence 
of the earth’s motion in hei orbit, in 
the same duection. 

Charles Is the figure of the sun 
globulai ^ ^ ; 

Tutor No , the motion about its 
axis rendeis it sphei oidical, having 
its diameter at the equator longer 
tlian tliat which passes thiough the 
poles. 

The sun’s diameter is more than 
equal to 100 diameters of the earth, 
and theiefore his 'bulk must be moie 
than a million of times greater than 
^hat of the earth ; but the density of 
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{lie matter of which it is compo^^ed 
is four times kbs than the dcnsitv of 
our globe. 

"V\’e hare already seen that, by the 
attraction of the sun, the planets aic 
retained in their orbits, and that to 
him they are indebted for light, heat, 
and motion : — 

Fairest of Beincs' first created huht. 

w w 

Prime cause of beiut} ' for from thee alone 
The sparkling gem, the regetable race, 

The nobler worlds that live and breathe their 
chanas, 

The lonely hues peculiar to each tribe. 

From thy unfading source of splendour drav ’ 
In tlij pure shine, with transport I survey 
'lids firmament, and these her rolling worlds. 
Their inagmtudei and motions — 

iMvLLETS EvCCRSION*. 

We can haidly suppose, liowerer, 
that the sun, a body three hundred 
limes larger than all the planets to- 
gether, was cieated only to presene 
VOL. II. V 
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the peiiodic motions, and give light 
and heat to the planets Many as- 
tronomers have conjectured that its 
atmosphere only is luminous, while 
its body is opaque "and probably of a 
constitution analogous to that of the 
planets Allowing, therefore, that its 
luminous atmosphere only extricates 
heat, ive see no reason why the sun 
Itself should not be inhabited. 

Ja7nes. For my part, sir, I am 
at once inclined to believe thisi lie- 
cause It accords completely with all 
one’s preconceived sentiments of llie 
wisdom and goodness of the Gieat 
Cl eatoi of the universe. 
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CONVERSATION XXVI. 


Of the fixed Stai s* 

TUTOR, We will now put an 
end to our astiononncal Conversa- 
tions, by referring again to the fixed 
stars, which, like our sun, shine by 
tlieir own light, or that of their 
phosphorescent atmospheres 

Charles, Is it then certain that 
the fixed stars are of themselves lu- 
minous bodies, and that the planets 
borrow their light fiom the sun? 

Tutor. By the help of telescopes 
it is knoivn that I\Iercur}% '\^cnus, 
and hlars, shine by a borrowed light, 
for, like the moon, they aie observed 
to have diffei ent phases according os 
tliey are diffei ently situated ivith le- 
gaid to the sun. The immense dis- 
Y 2 
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tances of Jupiter, Saturn, and Uic 
Herschcl planet, do not allow the 
ditfeionce between the perfect and 
imperfect illumination of their di-'sks 
01 phase'; to be perceptible 

Now the distance of the fixed stais 
from the earth is so gi eat, -that leflccted 
light would be much too weak c\or 
to leach the eye of an obsorvei here. 

James. Is this distance ascertained 
M ith any degree of precision ^ 

’Tutor It IS not . but it is know n 
With certainty to be so great, that the 
whole diameter of the earth’s orbit, 
'VIZ ISO millions of miles, is but a 
point m compaiisoTi of it; and hence 
it IS infcircd, that the distance of the 
nearest freed star cannot be less than 
a bundled thousand times the length 
of the earth’s orbit; that is, a bun- 
dled thousand times 190 millions of 
miles, or 19,000,000,000,000 miles: 
this distance being immensely great, 
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the best method of forming some dear 
concejition of it is to compare it with 
the velocity of some moving body, by 
which it may be measuied. The 
swiftest motion with which we aie 
acquainted is that of light ; whicli, as 
we liave seen, is at the rate of 12 
millions of miles in a minute; and 
yet light would be about 3 .years m 
passing fiom the neaiest fixed star to 
“tlie earth. 

' A cannon-ball, which may be. made 
to move at the rate of 20 miles in a 
minute,'' would be 1800 thousand 
yeais in traveising the distance 
Sound, the velocity of which is 13 
miles in a minute, Tvould be more 
than 2 millions 7 hundred thousand 
yeai's in /passing from the stai to the 
earth. So that, if it were possible 
for the inhabitants of,the earth to see 
the light, to hear, tlie sound, and to 
Y 3 
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receive the Ijell of a cannon dischar- 
ged at the ncaicst fised star, they 
noulcl not perceive the light of its 
explosion for 3 ycais after it had been 
fired, nor icceivc the ball till ISOO 
thousand years had elnjiscd. nor liear 
the report foi 2 millions and 700 
thousand ycais after the explosion. 

Charlci,. Are the fixed stars at 
different distances from the oai th ? 

Tutor. TJicii magnitudes, ns yon 
know, appeal to be difieicnt fioni 
one another, winch diffcicnce may 
arise oithei from a di\ ersity in thcii 
leal magnitudes, or in tlieir distances, 
or from both these causes acting con- 
jointly It is the opinion of Dr 
Herscliel, that the difrcient apparent 
magnitudes of the stars arise liom 
the different distances at which they 
aic situated, and therefore he con- 
cludes, that stai& of the seventh 
magnitude are at seven times the 
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distance from us that those of the 
first magnitude aie. 

By the assistance of his telescopes 
he is able to discover stars at 497 
times the distance of Sinus the Dog- 
star • fiom U'hich he infers, that with 
moie powerful instruments he should 
be able to discover stars at still gi eat- 
er distances 

James. I recollect that you told 
us once, that it had been supposed 
by some astronomers, that there 
might be fixed stars at so great a dis- 
tance fi’om us. that the rays of their 
light had not yet reached the eai tb, 
though they had been travelling at 
the rate of IS millions of miles in a 
minute, from the first creation to the 
present time. 

Tutoj' I did ; it was one of the 
subhme speculations of tlie cele- 
brated Huygens Dr. Halley has 
also advanced what, he says, seems 
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to be a metaphysical paiadox, vi::. 
that the I'luinher of -fixed stars must 
bo moie than finito, and some of 
them at a gfcatei than a finite dis- 
tance fiom others : and IMr. Addison 
has observed, that this thought is 
far from licing extravagant, \shen 
“ivo consider, that the universe is the 
rvork of infinite power, promoted by 
infinite goodness, and hn^ ing an infi- 
nite space to exert itself in* so that our 
imagination can set no hounds to it. 

How (hstnnt some of tlic nocturnal suiib • 

So distant, says the sage, ’twerc not absurd 
To doubt jf beams, set out at nature’s birth, 
Are jet arriv’d at this so foreign world , 
Though nothing half so rapid as their flight 

Youxo. 

C/iar/es Wh'ni can be the use of 
these fixed st.us^ — ^not to enlighten 
he earth , for a single additional moon 
'vould give us much more light than 
them all, especially if it were so con- 
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iiircd as to afford us its assistance at 
those intervals when our present moon 
IS below the honzon < 

Tutor. You aic right; they could 
not have been created for- our use ; 
since thousands, and even millions, 
aie never seen but by the assistance 
of glasses, to whicli but few of our 
lace Jiavc access YouiMninds indeed 
aic too enlightened to imagine, like 
childien unaccustomed to reflection, 
that all things were created for the 
enjoyment of man. Tlie earth on 
which we live is but one of eleven 
primal y planets circulating perpetu- 
ally lound the sun as a centre, and 
with these are connected eighteen 
secondary planets or moons, all o£ 
winch aie piobably teeming vith 
living beings, capable, thougli in dif- 
fei*ent waj's, of enjoying the bounties 
of the great First Cause. 



2o0 


ASTROKOMY. 


TJie fivcd stars then arc probably 
sunsj -whicli, like our sun, sci've ,to 
enlighten, warm, and sustain other 
systems of planets and their depend- 
ent satellites : and each, like our sun, 
may he tlie residence of animals ja- 
tional and iiiational. 

James. Would our sun appem as 
a fixed star at any great distance ? 

Tutor. It certainly would: and 
Di. Ilcischel thinks there is no doubt, 
but that it is one of the heavenly bo- 
dies belonging to . that liact of the 
heavens known by the name of the 
iiy/% /raj/ . 

Charles. I know the milky wa}^ 
in the hca\cns, but I little thought 
that I had any concein with it other- 
wise than as an obscncr. 

Tutor. The milky n ay consists of 
fixed stais, too small to bo disceincd- 
with the naked eye ; and if oiii sun 
>e one of them, the eai th and othei 



OF THE FIXED STAKS. ' 251 

planets “are closely connected with 
this part of the heavens. 

But, Gentlemen, it is time that we 
take' our leave of this subject for the 
piesent. Bor your attention to those 
instructions which, on this and other 
topics, I have been able to commu- 
nicate, accept my best thanks For 
your future welfaie and liappiness, 
my heait is deeply interested. You 
will not, I flatter myself, very soori 
forget that connection winch has sub- 
sisted 'between us foi a long couise of 
yeais Fiom my mind the icmem- 
bianco of your kindness Can never 
be obliterated Feiinit me, then, as 
a' 'testimony of iny gratitude and sin- 
cere affebtibn, to recommend to your 
future attention the woiks of nature 
and creation, by a caieful investiga- 
tion of which you will I trust be led 
to the contemplation and love of the 
God of Nature. 
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Youl krtowledgo, yoimg as you 
yet are, of the fundarpcntal pi mciples 
of Geometry and Algebra, is such as 
to render scientific pui suits easy and 
pleasant. And your undei standings 
are not more capable of enteiing into 
the sublime speculations of science, 
than your hearts are adapted to re- 
ceive and cherish those impressions 
of gratitude, which aie the natural 
consequences' of enlarged and com- 
prehensive views of the being and 
perfections of the Deity. In all 
youi studies and pursuits, then, ne- 
vei forget, that 

^3’ou cannot go 

"Where Univebsai. Love not smiles around. 
Sustaining all yon oibs, and all their suns , 
From seeming evil still deducing good, 

And better thence again and bettei still. 

In infinite progression Thomsov 

END or VOI II 

C Baldwin, 

’Kgw Bridge street, London 







